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] ndustry has outgrown 
its swaddling clothes 


i> an When industry was in its swaddling 
clothes ‘“‘plant engineering’ had no separate 
identity. Plants, for the most part, were “‘shops.”’ 


Functional lines were not sharply drawn. 


Oo When men pooled their capital and 
their ability, with the objective of making and sell- 
ing a product, they were engaging in all of the 
functions of industry as we know them today. 
They were assuming the responsibilities of buy- 
ing, making, and selling. It was necessary for 
them to provide buildings, secure equipment, hire 
workers, determine selling prices, carry on sales. 


i. seieeg Those things they did—and almost 
always they gave their personal attention to the 
making of the product, to passing on its quality, 
to its sale, to keeping the shop in working con- 
dition, to payrolls, bookkeeping, and so on. 


. . .. There was no special urge toward mak- 
inx the product in quantities—at least cost—with- 
out interruption from equipment failure—with 
coitinuous engagement of employees. 


_ Within this young industry, however— 
wthin these early shops—were involved the 
important functions of the plants of today: man- 
agement, production, inspection, cost accounting, 


saies, and all the others. 


..... As industry grew—and as the small 


plants grew—the few men who had been the 
actual heads of all of the functions found it neces- 
sary to delegate responsibility to assistants. To 
this one the responsibility for making the product; 
to that one the responsibility for selling it; to 
another the responsibility for maintaining its 
quality; and to somebody else the responsibility 
for keeping track of costs. 


pR tas  s All of these functions required, for their 
satisfactory accomplishment, another—that of 
keeping equipment and buildings in such condition 
that the making of the product could go on with- 
out interruption, and of carrying on the related 
services such as protection, communication, and 
lighting. 


For a long time such a function existed 
but without the recognition to which it was 
entitled. It is now coming into its own. The 
men who hold it are preventing interruption to 
production, not only by keeping buildings and 
production equipment in condition, but by their 
activities in selecting, installing, and maintaining 


the auxiliary electrical, mechanical, and service 
equipment. 


Industry is recognizing that in scope the 
function covers the “engineering of the plant,” 
and is adopting the term, “plant engineering” as 
most truly defining it. 
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Fig. 1—Relations between a journal, 
its bearing, and the oil film separating 
them. In diagram J, the journal is at 
rest, making contact at C with the 
bearing B. When starting to revolve, 
JT, the journal rolls to a new point of 
contact at D. As rotation continues 
the journal is lifted by the oil film 
(diagram JJ). When full speed is 
reached, the journal assumes the posi- 
tion shown inJV. Diagram V shows 
the conditions when the clearance 
space is only partially filled with oil. 


ODERN industrial practice 
M calls for higher standards 

than ever before from the 
standpoints of reliability, power 
economy, and the minimizing of 
maintenance costs. Perfection of 
design, construction, and installation 
are of little avail in the attainment 
of these ends if, at the same time, 
lubrication is neglected or if unsuit- 
able lubricants are employed. The 
clearer understanding that has come 
in recent years as to the true nature 
of lubrication has given engineers a 
new vision of the benefits that are 
possible when correct lubricants are 
properly applied. 

Principles of Lubrication—With 
bearings, gears, or other moving 
elements, complete lubrication im- 
plies the separation of the opposed 
working parts by a fluid film which 
transmits forces from one part to 
another and prevents contact of 
metal on metal. Correct lubrication 
implies further, that the fluid film 
consists of a correctly selected oil of 
a quality especially suited to the 
service. 
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It’s a far cry to the days of the simple oil 
hole and the much-maligned oil can. The 
correct lubricant and the proper means of 
application are all-important in this day of 
high speeds and heavy bearing pressures. 


In order to explain the nature of 
the oil film and the way in which it 
maintains the separation of parts, 
Fig. 1 shows a journal revolving in 
a solid bearing. For simplicity, it is 
assumed that the entire clearance 
space between the journal and the 
bearing is completely filled with oil, 
and that the load on the journal acts 
downward. The clearance space has 
been exaggerated for the purpose of 
better illustration. 

In Fig. 17 the journal is at rest 
and in contact with the bearing sur- 
face at point C. Upon slow rotation 
in the direction of the arrow in Fig. 
1/7, the journal tends to roll to the 
left, resulting in a new line of con- 
tact, D, except for the presence of 
oil which momentarily separates the 
journal and the bearing surfaces. 

With increasing speed, oil adher- 
ing to the journal is carried into the 
clearance space at the bottom, as in 
Fig. 1///, thus tending to raise the 
journal as Fig. 1JV shows. 

In a_ well-designed and_ well- 
lubricated bearing, the point of great- 
est pressure in the fluid film is at E 
in Fig. 1/V; the center of the 
journal, A, takes a position approx- 
imately in the direction shown by F. 
With maximum pressure in E, there 
is a rapid decrease of pressure on 
the rising side of the journal at K, 
with a minimum pressure (often a 
partial vacuum) in area G. On the 
descending side of the journal, there 
is a gradual rise of pressure through- 
out the broad area H, resulting from 
the tendency of the journal to carry 
the oil into this constantly-diminish- 
ing, wedge-shaped clearance space. 

In bearings with a large clearance 
space and incomplete oil supply, the 
clearance space is not altogether filled 
with oil and the condition more 
nearly resembles that shown in Fig. 
1V. In this case, oil is carried over 
the top of the journal by its ad- 


hesion and gathers in the wedge- 
shaped clearance space between L 
and E, building up a pressure which 
becomes maximum in the region of 
E and diminishing as K is passed. 

The pressure that supports the 
journal is the result of the adhesive 
property of the oil and the motion 
of the revolving journal, which 
forces the oil into a clearance space 
of decreasing thickness, thus forming 
an oil wedge as shown at H, in Figs. 
1JV and 1V. 

Factors essential to the building 
of the oil film are: 


1. The presence of a _ wedge- 
shaped clearance space free from 
grooving that might interfere with 
formation of an oil film. 


2. Speed or relative motion of the 
parts by which the carrying action is 
accomplished. 


3. Adhesiveness of the oil to 
assure that it will follow the moving 
surfaces. 


4. A certain degree of oil body 
or viscosity—a characteristic which 
resists the too-rapid escape of the oil 
from the film. 


5. Lubricating value of the oil, 
which largely determines the strength 
of the oil film under pressure. 

There are also conditions which 
tend to break down the oil film, chief 
of which are: 


1. Heavy bearing loads. 
2. High temperatures. 


Heavy bearing loads create intense 
pressures. If the carrying effect of 
speed or the adhesiveness or body of 
the oil is insufficient, a heavy load 
will prevent the formation or main- 
tenance of a complete oil film. 

The effect of increased tempera- 
ture on all oils—and practically all 
liquids—is to decrease their body or 
viscosity. With any given oil there 
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1] Transmission Equipment 


By WILLIAM STANIAR 


Chairman of the Advisory Board 
Power Transmission Association 
Power Transmission Engineer 


E. I. du Pont de Nemours & Company 


and Subsidiaries, Wilmington, Del. 


is, therefore, a temperature beyond 
which the satisfactory lubrication of 
a given bearing becomes impossible. 

For a given set of conditions, fluid 
friction is greater for a heavy-bodied 
or highly viscous oil than for one of 
light body; hence the desirability of 
using an oil of no heavier body than 
is necessary for safety of lubrication. 

Although, oil body is an important 
factor, there are many conditions in 
which the quality of the oil is of 
even greater importance. 

Adhesiveness is of special import- 
ance in the lubrication of bearings 
oiled intermittently by hand or sup- 
plied with only a very limited oil 
feed, as the oil is retained in place 
and better forced into the pressure 
area through this characteristic. 


Method of Lubricant Supply—tin 
many cases the choice of suitable 
lubricant is influenced by the method 
of supply, or method of application. 
There are four ways in which this 
influence is of importance: 


1. The method of supply may 
provide an ample quantity of oil 
which serves its duty repeatedly, as 
in ring, chain, and collar-oiled bear- 
ings, splash-oiled bearings and gears, 
and oil-circulation systems for com- 
plete mechanical units.. 


2. Oil may be supplied auto- 
matically in quantities just sufficient 
to compensate for oil losses from the 

















Fig. 5—Footstep bearing provided 
with bath lubrication. 








Fig. 2—Wick feed 
oil cup designed to 
regulate the supply. 


machine element, as with the use of 
drop-feed, wick-feed, or bottle oilers. 
Here the oil must possess 
the quality which makes 








Fig. 3—A bottle oiler 
mounted on a pipe nip- 





for adequate film strength. 

3. As in hand applica- 
tion, the supply may be 
periodic, or irregular and, 





hence, insufficient at times 
to maintain an effective oil 
wedge. In this case an oil 
is needed having special 
staying and adhering char- 

















ple screwed into the 
bearing. 
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acteristics and sufficiently 
heavy body to carry the 
maximum load at all times. 


4, Where the parts cannot be 
lubricated economically or advan- 
tageously by oil, it may be necessary 
to use grease. 


For the regulated or restricted 
supply of oil to bearings, special con- 
struction is sometimes provided. 
More frequently, the oil is supplied 
by separate appliances such as drop- 
feed oilers, wick-feed cups, bottle 
oilers, or mechanical lubricators. 

A wick-feed cup is shown in Fig. 
2 and comprises a small oil reservoir 
located above the bearing from which 
the wick, preferably of good-quality 
woolen yarn, rises and extends over 
a partition or into a tube, ending at 
a point considerably below the level 
of the oil in the reservoir. 

The bottle oiler, Fig. 3 is specially 
suitable for horizontal, plain bearings 
of small and medium size, as it pro- 
duces a very economical and uniform 
oil feed. The oil feed starts and stops 
automatically with the operation of 
the shaft. 

This oiler consists of a glass bottle 
mounted on the bearing in an in- 
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Fig. 4—The ring-oiling type of bearing. 


verted position and provided with a 
metal cap, through which a freely- 
fitting metal spindle extends to rest 
on the journal. During operation, 
the slight variation of the spindle 
causes small quantities of air to enter 
and permits oil to flow along the 
spindle to the journal. 

Mechanically operated force-feed 
lubricators, although developed more 
especially for cylinder lubrication, 
are capable of supplying oil both 
economically and positively, and are 
well adapted to the lubrication of 
exceptionally-heavy-duty bearings. 

Hand application of lubricants is 
necessary in certain cases, but is ex- 
pensive and often results in exces- 
sive wear, due to intervals of non- 
lubrication. 

Grease application may be by hand, 
but is much more reliable and effec- 
tive where compression grease cups 
are provided. These are designed 
to give continuous delivery of the 
grease so long as the charge lasts. 

Greases are plastic compounds con- 
sisting of a soap base, softened by 
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mixing with mineral oil in various 
proportions. Water-repellent greases 
are made with lime soaps, whereas 
water-soluble greases are made with 
soda soaps. This distinction is of 
importance with respect to their 
adaptability to different conditions of 
service. The lime-soap greases are 
the most extensively used. 


Bearings—Plain bearings for nor- 
mal speeds, pressures and tempera- 
tures, when lubricated with oil, are 
provided with small cups for hand 
oiling, or with drop-feed, wick-feed, 
or bottle oilers for regular, intermit- 
tent, and controlled application. 
Large journals running intermit- 
tently at low speeds often run in 
bearings packed with oil-soaked 
waste. 

With hand oiling there is likely to 
be considerable neglect. Waste of 
oil also is inevitable, as oil is applied 
intermittently and in large doses, the 
excess running out at the bearing 
ends. 

The use of bottle oilers, fitted to 
bearings intended for hand lubrica- 
tion, has resulted in improved lubri- 
cation, labor saving, and high oil 
economy. Wick-feed cups are like- 
wise superior to hand oiling because 
of their controlled, regular feed. In 
general, wick feed oilers are used 
when a large oil supply is required 
and where machinery is in continuous 
operation, whereas bottle oilers are 
suited to small feeds and intermit- 
tent operation. 

Ring-, chain-, and _ collar-oiled 
bearings are alike in general prin- 
ciple. The rings, chains, or collars 
turn with the journals when the shaft 
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Fig. 6—Vertical guide bearing 
with wick feed device for de- 
livering a controlled supply of oil. 
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revolves. Dipping into a reservoir 
of oil in the bearing housings, they 
carry oil to the top of the journals; 
with the assistance of longitudinal 
grooves the lubricant is distributed 
along the length of the bearing. 

A ring-oiled bearing is shown in 
Fig. 4. The two metal rings ride 
loosely on the journal and revolve 
with it. Ring-oiled bearings give 
reliable, automatic, and continuous 
lubrication at medium and fairly high 
journal speeds. 

Chain-oiled bearings closely re- 
semble ring-oiled bearings, except 
that endless chains are substituted 
for the rings. 

Collar-oiled bearings differ from 
ring-oiled and chain-oiled bearings in 
that the collars are mounted rigidly 
upon the shaft. Scrapers rest lightly 
against the collars and collect the oil, 
distributing it by channels over the 
full length of the bearing. 

Step bearings, supporting vertical 
shafting, usually run in a bath of oil. 
A typical foot-step bearing is illus- 
trated in Fig. 5. The level of oil is 
maintained at a height that will as- 
sure complete submersion of the 
bearing surfaces. 

Vertical guide bearings are subject 
to the rapid loss of oil from the 
lower end, especially when quantities 
are supplied at intervals by hand. 
Oil should be introduced at the upper 
end of the bearing. In Fig. 6 is 
shown a wick feed device for deliver- 
ing a regular, controlled supply. 

Grease-lubricated bearings may be 
fitted with screwdown cups, which 
require regular periodic attention 
from operators. When compression 


cups are provided, the springs with- 
in these cups press the grease into 
the bearings and the only attention 
required is refilling. Some grease- 
lubricated bearings are equipped with 
pressure fittings, and grease is forced 
into the bearings by a grease gun. 

Loose pulleys present a problem of 
bearing lubrication in which the shaft 
is stationary and the bearing is in 
motion. The problem of forcing oil 
or grease to the bearing surfaces has 
been solved in several ways. 

Sometimes a compression grease 
cup, Fig. 7, is used in this service, 
The spring within the cup continu- 
ously forces grease into the bearing 
against centrifugal force. 


Grooving of Bearings—The use of 
oil grooves on plain, horizontal bear- 
ings to assure distribution of lubricat- 
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Fig. 7—Method of lubricating a loose 
pulley by a compression grease cup. 


ing oil is a much-abused practice. 
The only purpose of grooving is to 
assist in the introduction of oil be- 
tween the frictional surfaces. A 
groove that performs this simple 
function is a correct groove. 

Correct grooving assists in intro- 
ducing lubricating oil by (a) pro- 
viding a liberal and well-distributed 
supply of oil just in advance of the 
pressure area, and (b) presenting it 
in the shape best suited for its 
entrance. In most cases, this is 2c- 
complished by a simple chamber 
along the edges of bearing segmenis, 
as in Fig. 8. . 

When journal speeds are more 
than 50 r.p.m., no other grooving 1s 
necessary. An exception to this 1s 
found in bearings longer than 8 in. 
Such bearings should have more 
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than one entrance for oil. These 
points of application ‘should be con- 
nected by a straight groove, extend- 
ing through them and to within 
about % in. from each end of the 


bearing. 
Thrust and step bearings offer a 
somewhat different problem of 


grooving, because the flat thrust sur- 
faces do not normally offer a wedge- 
shaped clearance space, as in radial 
bearings. 

In general, the oil should enter the 
inner edge of the thrust area, and 
radial oil grooves should be cut in 
the face of the thrust collar or bear- 
ing surface, extending to a short 
distance from the outer edge of the 
bearing area, as shown in Fig. 9. 
The side of the groove should be 
relieved by a flat chamfer, thus 
forming the wedge-shaped clearance 
space necessary to the establishment 
of an oil wedge and film. 


Ball and Roller Bearings—The 
lubricant used in ball and roller bear- 
ings must perform two functions: 
First, the film must preserve the 
highly polished parts from rust or 
corrosion. Second, it must provide 
a film to eliminate the effect of the 
microscopic roughness which exists 
even in the most perfectly ground 
surfaces. Another function some- 
times required is sealing of the 
clearance between the shafts and 
housings to exclude dirt, water or 
harmful gases. 

High speeds require light-bodied, 
quick-acting oils to’ minimize fluid 
friction. Moderate and low speeds 


permit the use of heavier oils and, 
where necessary, greases. 

High operating temperatures thin 
out an oil, and so require oil of rela- 





Fig. 8—Bearing with chamfered edges 
and longitudinal groove through inlet. 








tively heavy body. Similarly, low 
temperatures call for lighter oil body. 

Housing should be so constructed 
that there will be no opportunity for 
dirt, grit, or water to enter. The 
usual closures for ball and roller 
bearings of transmission equipment, 
shown in Fig. 10, comprise either felt 
packing around the shaft, or slingers 
mounted upon the shaft for throwing 
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Fig. 9—Correct method of grooving 
thrust or step bearings. 
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Fig. 10—Ball bearing provided with 
oil slinger and oil channel. 


back oil that is about to escape. 
Some closures are a combination of 
these two types. 


Methods of Applying Lubricants 
—Bath-oiled bearings must be sur- 
rounded with oil-tight housings, 
which are filled to a level that par- 
tially submerges the lowest balls or 
rollers. 

Drop-feed cups and various ar- 
rangements of wick feeds are 
occasionally employed and have 
proved satisfactory for replacing oil 
losses where the housing is not tight. 

Where housings are not oil tight 
and grease lubrication has been in- 
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Fig. 11—How an oil 
wedge and oil film forms 
between gear teeth. 


tended, compression grease cups are 
sometimes provided; in many in- 
stances, however, the bearings are 
designed to be packed with grease. 

The best results are always secured 
by using the lightest oil that can be 
retained in the housing without un- 
due losses, and which will meet 
temperature requirements. The oil 
should be of the highest grade and 
should be guaranteed to have no 
detrimental effect on the highly 
polished surfaces. Vegetable or 
animal oils should not be used be- 
cause of their tendency to oxidize 
and form acids when exposed to heat. 


Silent and Roller Chains — The 
lubrication of silent and roller chains 
implies chiefly the coating of the pin- 
bearing surfaces with a protecting 
film of oil. Grease is almost useless 
in this service because it cannot read- 
ily enter the small clearance spaces. 
Heavy oil is undesirable for the same 
reasons. The ideal lubricant is an 
oil light enough to enter, yet heavy 
enough to adhere to, the chain and 
not be thrown off when it is in 
motion. Naturally, some of the 
lubricant is also required on the chain 
rollers or teeth. 

The most satisfactory methods of 
lubricating silent and roller chains 
depend largely upon conditions. 
Slow-moving chains are sometimes 
served well by slush pans. Some- 
times, especially for moderate speeds, 
a device can be used comprising a 
wick feed oiler supplying a regulated 
feed to a brush which wipes the 
moving rollers or teeth. 

High-speed chains are usually en- 
closed and are lubricated by an oil 
bath in the bottom of the casing, in 
which the chain dips. 


Gears and Speed-Reduction Units 
—Gear lubrication resembles that for 
bearings as the metal parts are to be 
separated by a film of lubricant, but 
differs in that the contact areas of 
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gear teeth are extremely small, pro- 
ducing intense pressures. Gear 
lubrication would be almost impos- 
sible were it not for the fact that 
gear teeth are in contact only for a 
short time, and again separate before 
the oil (if suitable) has become 
squeezed from the shifting pressure 
area. 

In ordinary helical and herring- 
bone spur gears, and in bevel gears, 
the rolling motion is accompanied by 
sliding motion of one tooth upon an- 
other. This sliding or wiping action 
is of assistance when the proper 
lubricant is supplied, as it combines 
with the curvature of the surfaces, 
forms an oil wedge to build the oil 
film, just as in bearings. 

In worm gearing the sliding motion 
of the worm thread on the teeth of 
the worm gear is continuous, and 
places even greater importance on 
lubrication. 

The real problem is that of pro- 
viding between the gear teeth a film 
of lubricant, as shown in Fig. 11, of 
sufficient strength to withstand the 
intense local pressures during the 
period of contact. 

The peripheral speed of the gears 
limits the time of tooth contact and 
consequently the 
time during 
which the film 
must support 
the pressures be- 
tween the mesh- 
ing teeth. Where 
speeds are high 
the time is very 
short and the 
lubricating oil 
used can be of 
comparatively 
light body. At 
slow speed, the 
longer time of 
contact requires 
a heavier-bodied 
oil of tenacious 
character. 


Open Gears— 
Open gears are 
most commonly 
lubricated by 
hand. The use 
of “slush pans” 
represents a sec- 
ond method. 

Hand-oiled 
open gears 
should be pro- 
vided with an 
oil that will coat 
the teeth with a 
tenacious film, 
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withstand the existing pressures, re- 
sist the effect of centrifugal force, 
and remain on the tooth surfaces for 
a long time. 

Gears operating in dirty surround- 
ings should be lubricated with a 
fibrous grease applied cold. 

“Slush-pan” lubrication of open 
gears is accomplished by providing 
pans of oil into which the gears dip. 
A lubricant of heavy body should be 
used, which will flow without heating. 


Splash-Lubricated Gears — En- 
closed gears, transmitting large 
horsepowers, are often lubricated by 
oil contained in the base of the gear 
housing, into which one or more of 
the gears dip and splash or throw it 
to all parts. 

The advantages of this system over 
hand oiling or slush pans are that a 
lighter oil can be used, the applica- 
tion is continuous, and less attention 
is required for applying the lubricant. 
Moreover, the housings for splash- 
lubricated gears retain the lubricant 
and largely exclude dust and dirt. 


Circulating Oiling System—The 
use of the circulation oiling system, 
shown in Fig. 12, is becoming more 
and more common for large, heavy- 


rl 
= i AHI 


























| 
i 























Fig. 12—Circulating oil system for gear reduction units. 


duty gear sets. An advantage of this 
system over the splash system is that 
the oil is subjected to less severe 
service, by the use of coolers and 
filters in the system, it is kept at a 
moderate temperature and compara- 
tively free from impurities. Fur- 
thermore, the oil is forced directly 
between the gear teeth at the point 
of contact by pump pressure. 

Successful lubrication of enclosed 
gears lies in the correct application 
of lubricating oils that are adapted 
to the type of gear and the conditions 
of service. 
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Keep the Fire Extinguish- 
ers from Freezing 


ITH winter coming on, many 
plants bring their fire extin- 
guishers inside to keep them from 
freezing. This leaves a large and 
often hazardous area without the 
quick protection which puts out a fire 
before it has done any real damage. 
This can be prevented by building 
boxes in the yard or unheated build- 
ing large enough to hold the required 
number of extinguishers. The box 
should be made of double-lined 
wood with paper between. A small 
hole should be cut in the bottom to 
provide ventilation. A lighted barn 
lantern placed inside the box will 
keep the extinguishers from freezing. 
If electricity is available a small 
bulb will produce the same results 
as the barn lantern. 








Belting Leather Industry 
to Convene on Busi- 
ness Practice 


i UIMINATION of unfair prac- 
tices in the belting and sole 
leather industry is the objective of a 
conference scheduled for the near 
future under the auspices of the 
Federal Trade Commission. The 
date and place of the conference has 
not been fixed. It will bring to- 
gether more than 90 per cent of the 
industry for the discussion of such 
unfair practices ‘as price discrimina- 
tion, inducing breach of contrac’, 
secret rebating, fraud, misrepresenta- 
tion and misbranding. It is antici- 
pated that rules will be adopted 
condemning such practices that, when 
affirmatively approved by the Com- 
mission, are subject to enforcement 
under the Commission’s ordinary 
procedure requiring offenders to 
cease and desist. 
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Night view of machine shop bay, lamped as specified, before all machinery was installed. 


Economic Aspects Involved in 





High-Lighting Industry 


AST month’s article 
[° dealt with the de- 
sign of the lighting 
installation at the plant 
of the Doheny-Stone 
Drill Company, Tor- 
rance, Calif. It showed 
how unusual opportu- 
nities for adequate illu- 
mination were presented 
because the entire struc- 
ture was planned and 
built for a specific 
purpose. 

From experiences in 
the old plant, the execu- 
tives and technical staff 
knew the importance of good light- 
ing, both natural and artificial. Be- 
cause of this, perhaps, they gave 
considerable attention to adequate 
natural lighting in the early stages of 
the building design. 

To the superintendent the numer- 
ous reasons for adequate illumination 
were outlined, for it was known at 
the beginning that a considerable 
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In the preceding article discussion was 
limited to building details and the pre- 
determination of lighting intensities. De- 
tails concerning installation and operating 
costs of the system are given in this article, 
together with a resume of results obtained 
from properly applied illumination. 


By FRANK A. HANSEN 


. Engineer 
Holophane Company, Inc. 
Los Angeles, Calif. 


portion of the plant would operate 
at night. Industrial tests showing 
the increased production resulting 
from properly applied illumination 
and an analysis of some of the causes 
of decreased production, eye strain 
and fatigue, were used to consider- 
able advantage in convincing the 
chief engineer that it was. possible 
and practical to plan lighting just as 


scientifically and care- 
fully as other matters of 
technical design. Details 
of planning were dis- 
cussed with the electrical 
engineer insofar as the 
mechanical and electrical 
characteristics of the 
specific equipment for 
specific application were 
concerned. 

After the machinery 
and floor layout were 
decided upon, the func- 
tion and operation of 
each machine were 
studied. The accumula- 
tion of these data was necessary as 
they were to be the basis on which 
the lighting plans were to be made. 
The necessity for adequate intensities 
was predicated on a plant-and man- 
efficiency basis, which included safety 
of employees and accuracy of their 
performance as well as their physical 
comfort. It was seen that adequate 


lighting would permit machine op- 
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erators to work at their normal speed 
with accuracy. 

The cost of the proposed lighting 
installation was considered in its 
relation to the total plant investment 
and it was also compared to the prob- 
able value of the plant’s output per 
hour, that is, hourly lighting expense 
versus hourly production value. The 
net result specified the purchase of 
light rather than a list of lighting 
equipment and, as was brought out in 
the previous article, the amounts 
of light were predetermined and 
guaranteed. 

Before taking up the cost of the 
installation, however, details regard- 





General day-time 
view of main shop 
taken from the 
machine bay. 


ing the crane and the outside lighting 
unit, which were previously omitted, 
will be accounted for. 

The units selected as a solution to 
this lighting problem were mounted 
as high as possible, 18 ft. on the 
building side, and on the opposite 
side 22 ft. from the crane rail sup- 
porting member. Units were stag- 
gered in their relation to each other 
and were spaced 39 ft. endwise. 
Lamped at 300 watts, the resultant 
average intensity is 2.6 foot candles, 
with 1.7 foot candles on vertical 
surfaces. 

This reflector unit was installed at 
suitable locations as a watchman’s 


Industrial Engineering—V ol.87, No. 11 


Trough assembly 
lighting unit and 
method of Suspen- 
sion in a corner 
of the tool room. 


circuit, both inside and outside the 
building. Inside the building, the 
units used delivered light sym- 
metrically over large areas (approx- 
imately 12 times the mounting 
height). The driveways surrounding 
the building were illuminated with 
refractors which directed a spread 
of light in two directions. In this 
manner, with the watchman’s circuit 
replacing the working illumination at 
a very low operating cost, the entire 
building and grounds immediately 
surrounding it are covered with uni- 
form lighting of low intensity, which 
enables the watchman to see with 
ease. 
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Small parts stor- 
ace bins. Note 
method of bring- 
ing circuits in 
gutter and drop- 
ping down at. bins 
in conduit. 


That the installation cost of $8,069 
is lower than average for buildings 
of this type is due to two major 
reasons : 

1. Initial vertical runs from panels 
upward and thence to main trunk 
conduit lines were made with special 
duct. It would have required nine 
1'4-in. ordinary conduit runs to 
carry the same capacity. On reach- 
ing the top level of the run, hori- 
zontal runs, also in gutter, were made 
wherever practicable. It was then 
necessary only to branch out from 
the duct with short conduit runs. 

2. The use of the specially de- 
signed unit-suspension bracket for 
installing both conduit and lighting 
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unit eliminated long conduit runs fol- 
lowing the outline of the building 


structure. This construction would 
have necessitated considerably more 
labor and material. 

Briefly, the itemized cost of. this 
lighting installation follows: 


MATERIAL COSTS 




















Conduit $ 408 
3x4-in. gutter 270 
Wire 260 
Condulets 162 
Conduit brackets 64 
Switching equipment .................... 680 
220 lighting units 3,850 

Total .... $5,694 
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LABoR Costs 


Install conduit and pull wire 
from lighting vault to branch 
circuit panels 

Install branch circuit panels..... 

Install all equipment above 
panels. (This includes spe- 
cial duct, conduit, pulling 
wire, hanging and lamping 





$ 200 
175 








220 fixtures 2,000 

Total $2,375 
Total cost of lighting instal- 

lation $8,069 





A most conservative valuation of 
the entire plant and equipment is 
approximately one million dollars. 


Section of main 
building showing 
double horizontal 
duct branch at 
terminus of ver- 
tical run. 

















Thus the investment in lighting is 
0.8 per cent of the total. The annual 
depreciation of the lighting equip- 
ment is estimated at 13 per cent as 
follows: 





Per cent 
Physical depreciation (20-year 
| i ene an 
Interest on investment... 7 
Taxes amd inSurane nn ccccccccccccecceeen 1 
BO iv bsvietioncceepmmepcee se 13 


The total cost for lighting for one 
eight-hour shift follows: 


Per cent 

of Total 
Depreciation  .................. $1.72 19.3 
Ee TT 7.6 
Piewiety 2. 6.41 72.0 
Maintenance ..................... .10 1.1 


| ee $8.92 


The plant has a total connected 
lighting load of 125 kw. Energy con- 
sumption for lighting in ‘January, 
1929, was 29,000 kw.-hr. and the cost 
of energy including charges for 
transformer losses and depreciation 
was $346. 

Dividing the total square footage 
in the plant by the total lighting cost 
per eight-hour shift, it is found that 
the total cost of lighting the area of 
one square foot for eight hours is 
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lllustrating ver- 
tical and horizontal 
runs of special 
duct which 
obviated the dif- 
ficulties encoun- 
tered in installing 
conduit by ordi- 
nary methods due 
to ceiling structure. 


$0.00014. And; although it is dif- 
ficult to determine a square-foot 
gross profit rate, due to the varied 
operations performed within the 
plant, the production of several 
typical machines was taken over a 
period of time, to discover the rela- 
tion of lighting cost to gross profit. 
It was found that the lighting cost 
was 0.000132 per cent (0.0132 of 1 
per cent) of the gross profit rate for 
a given area. 

The cost of lighting in per cent of 
total productive payroll cost equals 
1.48. This lighting cost is, of course, 
total, as calculated in preceding 
paragraphs. 

All calculations were made on the 
basis of two eight-hour shifts in 24 
hours, one being principally under 
natural illumination, the other en- 
tirely under electric lighting as 
installed. 


COMPARISON OF Day AND NIGHT 
PRODUCTION 


Selecting machines which were on 
a production schedule, the operators 
of which worked alternately (one 
month days followed by one month 
nights) it was found that the produc- 
tion rate was identical for day and 
night shifts: The general superin- 
tendent reports that in the nine 
months the plant has been operating 
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the accuracy of the work turned out 
at night has been equal to that of 
daytime production. Over the same 
period there have been no night ac- 
cidents. There has been no sparing 
of finer work during night operation; 
precision work is done with the same 
speed and accuracy day and night. 





How to Seize Wire Rope 
to Prevent Unlaying 


E ace end of an ordinary wire 
rope should have at least three 
seizings to prevent unlaying which, 
if it occurs, would make the rope 
useless. The seizings may be re- 
placed by fittings, if they prevent 
unlaying. Annealed iron wire used 
as seizings should be wound tightly 


in a close helix around the rope, in» 


accordance with the following in- 
structions given by the American 
Cable Company : 


1. Wind the seizing wire on the 
rope by hand, keeping the coil together 
and considerable tension on the wire, 
winding over from left to right as 
shown at 1 in the sketch below. 


2. Twist the ends of the wire to- 
gether counter-clockwise by hand so 
that the twisted portion as shown at 2 
is near the middle of the seizing. 


3. Using wire cutters, tighten the . 


twist just enough to take up the slack. 

4. Tighten the seizing by prying 
the twist away from the axis of the 
rope with the cutters. 

5. Tighten the twist again as shown 
at 3. Repeat this operation as in 4 and 
5, as often as is necessary to make the 
seizing tight. Cut off the ends of the 
wires, and pound the twist flat against 
the rope. 

6. The appearance of the finished 
seizing is shown in the center view. 





Step by step procedure in seizing the 
end of a wire cable. 


















AUXILIARY DEVICES 


prove their usefulness tn 





The despatch board that serves 37 stations distributed between three floors. 


eee is much to be de- 
sired in the control and opera- 
tion of any kind of plant equipment, 
but where a considerable portion of 
it such as elements of the materials 
handling system is intended to be 
self-operative, that feature to a cer- 
tain extent must, of necessity, be sac- 
rificed. It is to be expected that 
complicated control devices will bring 
about maintenance complications of 
an inherent character, but in most 
cases it has been found that the ad- 
vantages gained by their use far ex- 
ceed the apparent disadvantages. 

An example of this is to be found 
in the plants of Eli Lilly and Com- 
pany, Indianapolis, Ind., manufactur- 
crs of pharmaceutical and biological 
products, in connection with the con- 
trol and operation of conveyors in 
the materials handling system. - 

All conveyors used in this system 
«xcept one are of the live-roller type, 
motor-driven through a reduction by 
means of gears and chain to the 
driven live-belt pulley, and it is suffi- 
cient to know that the system was 
originally planned and installed with- 
out any additional features. From 


time to time such auxiliary devices 
as were needed to provide definite 
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functions were added. An outline 
showing the conveyor system with 
auxiliary devices indicated by legends 
is reproduced .for Building No. 22, 
which is devoted to storage of raw 
materials and manufacture of phar- 
maceutical products. One can vis- 
ualize the extent of the system by 
super-imposing the plan views shown. 


Materials- 
Handling 
Systems 


By J. C. SIEGESMUND 


Assistant Chief Engineer 
Eli Lilly and Company 
Indianapolis, Ind. 


In the design of the system and its 
subsequent refinement by the addi- 
tion of auxiliary devices, speed was 
recognized as being primarily essen- 
tial and with it the safe arrival of 
bottled goods as well as an assured 
delivery at the proper receiving point. 
Manual handling of material was to 
be reduced to a minimum. 





Materials on order are assembled on the carrousel for shipment to proper 
destinations with the aid of the despatch board in the left background. 
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FIFTH FLOOR PLAN 








Flow chart of conveyor system show- 
ing locations of auxiliary devices in 
control system. 


* * * x 


In order to satisfy the conditions 
as set forth in the design of the sys- 
tem, an electric stop control system 
was devised and built to specifica- 
tions. By means of this system the 
despatcher starts material on its way 
for a certain destination, the arrival 
and removal of which is indicated by 
lights on a despatch board or control 
panel thereby enabling the despatcher 
to speed up the operation of material 
flow. 

Raw materials are delivered to the 
fifth floor in bulk by means of freight 
elevators, but for manufacturing 
needs small portions are weighed out 
and delivered to an assembly point 
by conveyors which serve as feeders. 
At the assembly point the materials 
are transferred to a carrousel or turn 
table where the completed order is 
made up, checked and made ready 
for delivery to the proper destination. 
Material packed in barrels or boxes 
of a bulky size approach the assem- 
bly point and continue on their way 
at the discretion of the despatcher 
without being handled on or off the 
carrousel at the time the order is 
being made up. By means of the 
hand stop (HS) he is enabled to 
bring the conveyor to a stop and hold 
up the delivery of the bulk material 
until the balance of the order is as- 
sembled on the carrousel, a view of 
which is shown on the preceding page. 

By referring to this view an idea 
may be had of the fragile containers 
used in transporting the materials. 
Beyond the carrousel to the left may 
be seen the despatch board installed 
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SECOND FLOOR PLAN “208 








at this point and to the side of it 
barrels may be distinguished, which 
are on their way to distant points. 
Braking effort is applied to the car- 
rousel in stopping it from turning by 
means of the foot-brake arrangement 
which can be seen at the lower left 
in the illustration. 

An accompanying view shows a 
close-up of the despatch board which 
is used in forwarding materials to 
the fifth, fourth and second floors. 
Its ultimate capacity is 42 stations, 
but at the present time it is only 
equipped for 37. Of this number 14 
are located on the second floor, 21 on 
the fourth and two only on the fifth 
floor. These stations are indicated 
on the flow charts shown at the top 
of this and the following page. 

As an auxiliary device the des- 
patch board satisfies a particular pur- 
pose, that of speeding up delivery of 
materials and in this manner: The 
despatcher selects an order for de- 
livery at the most distant point in the 
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system so that succeeding orders for 
intermediate points may be _for- 
warded in sequence without causing 
a jam if the shipment is not removed 
from the conveyor at the destined 
delivery point. The act of pushing in 
the switch for a particular station 
sets a stop at that point, which is 
interlocked electrically on the panel. 
Just before the shipment reaches the 
stop it passes over a signal roll whic! 
causes a light above the switch har- 
dle to burn indicating that the ship 
ment has arrived at its proper desti- 
nation. In removing the shipment 
from the conveyor the stop is de 


pressed, thereby opening the signi! © 


light circuit, indicating to the des 
patcher that the way is clear for adc- 
tional shipments to that point. A! 
other stations are controlled sim- 
larly.» If the light continues to bur: 
it indicates that the shipment has not 
been removed from the conveyor an‘ 
if the light fails to burn it indicates 
that the shipment for some reason or 
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other has not reached its destination. 
Speed in the delivery of materials is 
obtained in this manner. 

Throughout this building these 
auxiliary devices, designated as stops, 
are interspersed in a logical sequence. 
lixed stops: (FS) are employed at 
the termination of a conveyor. Hand 
stops (HS) are used to interrupt the 
passage Of material on the conveyor 
past a given point. As its name im- 
plies, it is set by hand. An electric 
stop (ES) designates a push-button 
station which is a part of the con- 
veyor-drive control system. Light 
and ‘hand stops (LHS) refer to a 
station where the light is used to 
indicate a clear route and the hand 
stop provides a means to shut down 
the conveyor or elevator until the 
light indicates all is clear. Light and 
electric stop (LES) are the devices 
used in connection with the despatch 
board in speeding up the flow of ma- 
terial. 

A close examination of the flow 


chart will show the extent to which 
the various devices are employed. 
Details concerning the use of these 
and other auxiliary devices that in- 
sure the safe delivery of fragile 
products will be discussed in an arti- 
cle which will appear in an early 
issue of INDUSTRIAL ENGINEERING. 


\ 





Trouble Encountered in 
Placing New Commu- 
tator in Service 
GOMETIME ago we had an experi-., 


ence with a new commutator that 
may be helpful to other readers. 

When this commutator was re- 
ceived it was assembled, heated and 
drawn tight, and the leads connected. 
Every precaution we could think of 
was taken to avoid future trouble. 
After the commutator had been 
turned and finished for use, the 
motor was put in service and ran 
very satisfactorily for four days. 
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LEGEND 
L—Light 
HS—Hand stop 
FS—Fixed stop 
ES—Electric stop 
LHS—Light and hand stop 
LES—Light and electric stop 


* * * * 


Then it began to cause trouble by 
flashing at the brushes and opening 
the circuit breaker in the power 
house. The motor was removed, 
cleaned, tested and again installed, 
but when we tried to operate it the 
same troubles were encountered. 

Accordingly, the fields were tested 
and found to be in good condition 
and properly connected. However, 
when the motor was again put in 
service, it flashed excessively at the 
brushes and threw out the breaker. 

. At first we were at a loss to ac- 
count for the trouble, but eventually 
reached the conclusion that the first 
four days of operation had caused 
the commutator to heat up consider- 
ably (the commutator on this motor 
is inclosed) and in consequence some 
of the binder in the mica segments 
had been liberated and formed a thin 
film on the commutator and brushes. 
Here it would, of course, act as an 
insulator. Each time the motor was 
removed we cleaned the commutator, 
but this did not help very much, be- 
cause the brushes were still coated 
with the insulating film of mica 
birider. 

We then decided to slot the com- 
mutator and after this was done 
there was no further trouble. 

Slotting was not needed, or even 
advisable, with the old-time com- 
mutators, but it appears to be neces- 
sary with the present-day types. 
Albert, W. Va. FRED HARTMAN. 
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CONTRO 


Fig. 1—Industrial electric lo- 
comotives are one example of 
the application of series-paral- 
lel control. 


methods of starting and control- 
ling the speed of different types 
of motors have been considered in 
some detail. We now come to series- 
parallel control, which is applicable 
where two or four d.c. motors are 
connected to the same load. This 
method has been most successful in 
connection with electric traction, but 
has had a very limited application in 
other places. It is of most interest 
to plant engineers in connection with 
the electric locomotives used in mines 
and around large plants. 
There are three methods of chang- 
ing from the series to the parallel 
connection, as follows: 


|: previous issues the various 


1. Open-circuit transition. This 
method (Fig. 2A) opens the circuit 
to one of the motors at/ the time it 
is switched from series to parallel. 
The burning on the contacts is 
greater than with the short-circuit 
method, so that we seldom find this 
method used. 


2. Short-circuit transition (Fig. 
2B). This is the most common 
method used with small and medium- 
sized motors. It is based on the 


characteristic of a series motor that 
permits such a motor to have its ar- 
mature and field short circuited while 
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Sertes-Parallel and other methods of 


ING MOTOR SPEED 


the armature is revolving. The ar- 
mature current flowing through the 
field at the instant of short circuiting 
is in the reversed direction, which 
kills the magnetic field and, there- 
fore, reduces the armature voltage 
to zero. 


3. Bridging system. This method 
(Fig. 2C) consists of establishing 
two parallel circuits by means of sec- 
tions of resistors so that each motor 
with its field forms, with the two 
resistor sections, a connection similar 
to the Wheatstone bridge. The 
series connection is the equivalent of 
the galvanometer connection in the 
bridge. This cross-connection can be 
opened after the parallel connection 
has been established, so that the 
torque of the motors is maintained. 
The resistors can be so proportioned 
that this transition is equivalent to 
an additional step of control. 

The series-parallel method of con- 
trol has two distinct advantages: 


1. The motors can be operated at 
two speeds, corresponding to the 
series and the parallel connections, 
without rheostatic losses. 


2. In starting, the motors are in 
series so that double the torque is 
obtained for the same current taken 
from the line that would be obtained 


By H. D. JAMES 


_Consulting Control Engineer 
Westinghouse Electric & Manufic- 
turing Company, East Pittsburgh, /’a 








if the motors were in parallel. This 
is of particular advantage for trac- 
tion applications where a large part 
of the power is transmitted over the 
trolley wire. 

The controller itself is more com- 
plicated and expensive than an ordi- 
nary rheostatic controller. In pass- 
ing from the series to the parallel 
connections, the driving torque is re- 
duced except when the bridging sys- 
tem. is used; this latter feature is of 
advantage where the load conditions 
are fairly constant so that the auto- 
matic changeover can be set for a 
definite current: value. Most of the 
industrial applications requiring se- 
ries motors, cannot be readily adapted 
for a two-motor drive and in other 
cases the extra cost of two motors 
would not be justified. 

This method of control is seldom 
used for shunt motors. Sometimes 
it is useful to arrange controllers 
with a double-throw knife switch so 
that the motors can be connected in 
series or parallel before they are 
started ; when the acceleration is au- 
tomatic, it is desirable to have a sepa- 
rate resistor for each motor. Some 
controllers have been arranged to 
connect the motors in: series when 
running in one direction, and in par- 
allel in the reverse direction. In 
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general, however, series-parallel con- 
trol is seldom applied outside of the 
traction field, where it is the univer- 
sal method. 

The apparatus is either the man- 
ually-operated drum controller with 
a separate reversing switch, or con- 
tactor control. Both magnetic and 
pneumatic switches are used for re- 
mote control and automatic accelera- 
tion. The general practice for street 
railway control is to place the accel- 
eration in the hands of the operator 
by means of a drum master switch 
having a number of operating points. 

The development of more compact 
aid less expensive contactor control 
is extending its use with a corre- 
sponding decrease in the use of drum 
control. When drum controllers are 
used, it is necessary to provide a line 
contactor for overload protection as 
safety considerations make it desir- 
able to remove all arcing from the 
platform of the car. A special at- 
tachment is often furnished on drum 
controllers to open the line circuit on 
the magnet contactor when the con- 
trol handle is moved towards the 
“off” position. 


MuttTi-Speep A.C. Motors 


The pole-changing method of con- 
trol, Fig. 3, is used with a.c. induc- 
tion motors and consists in changing 
the number of poles, which in turn 
changes the speed of the motor. 








Where the speed ratio is 2 to 1, the 
motor is provided with a single wind- 
ing having taps at the middle. Each 
half of the winding represents a pole. 
When the speed ratio is 3 to 1 or 
some other value than 2 to 1, two 
separate windings are necessary for 
the primary of the motor. 

Four-speed motors are made with 
two separate windings, each winding 
giving a 2-to-1 grouping of the poles. 
For example, if the number of pairs 
of poles is four, six, eight, and 
twelve, the first winding gives the 
four- and eight-pole combination; 
the second winding gives the six- and 
twelve-pole combination. The mo- 
tor is started on the twelve-pole com- 
bination and then reconnected for the 
lesser number of poles. 

Another method of pole changing 
consists in connecting two induction 
motors in series, the secondary of the 
first motor being connected to the 
primary of the second motor. The 
first motor must have a wound sec- 
ondary with sliprings. The second 
motor may be either a squirrel-cage 
or slipring type. This arrangement 
is known as a cascade connection. 
It is not used very often as the self- 
induction of the two motors is added, 
which gives reduced torque and a 
lower power factor. Better results 
can be obtained by changing the 
number of poles in a single motor. 
There will always be some demand 


for motors arranged so that the poles 
can be changed to give different 
speeds. . Very often these motors are 
provided with a wound secondary so 
that resistance can be introduced to 
give other speeds. The resistance 
control gives speeds that vary with 
the load, but changing the number of 
poles gives fixed speeds independent 
of the load. 

When the motor is started on the 
slower-speed combination, less power 
is taken from the line for the same 
torque. If the motor is running at 
the high speed and is changed to the 
slower speed, it will regenerate and 
return power to the line. 

The two-speed motor is more com- 
plicated than the single-speed motor 
even when it has only a single wind- 
ing; it also requires a more compli- 
cated controller, and its size is fixed 
by the torque required with the slow- 
speed connection. Where a double 
winding is necessary, the motor may 
be increased in size to accommodate 
this extra winding. The two-speed 
motor is necessarily more expensive 
than the standard, single-speed mo- 
tor and the demand for any particu- 
lar size is usually not sufficient to 
permit manufacturing in large quan- 
tities. 

In changing from a higher to a 
lower motor speed, a reverse torque 
is developed and the same precau- 
tions must be taken as when chang- 
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Fig. 2—Three methods of arranging series-parallel control. 
circuit transition. 
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Diagram A shows the steps involved in open- 
‘Short-circuit transition is shown in diagram B, and bridging transition in C. 














ing a d.c. motor from a higher to 
a lower voltage. If a 2 to 1 speed 
ratio motor running at full speed on 
the high-speed winding is immedi- 
ately connected to the slow-speed 
winding, the secondary will have 
about 100 per cent slip so that the 
characteristics are substantially the 
same as when the motor is at stand- 
still and the slow-speed winding is 
connected to the line. 

Under the same conditions, a 
3-to-1 motor will have 200 per cent 





both the primary and secondary each 
have six terminals or a total of 
twelve terminals, which must be 
switched into different combinations 
for each speed. 


ADJUSTABLE-SPEED A.C. Motors 


Adjustable-speed control for 
wound-secondary induction motors is 
both complicated and expensive, so 
that it has been applied only to large 
motors driving the main rolls in steel 
mills. The principle of control con- 
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Fig. 3—Connections to winding of three-phase induction motor for 
obtaining two operating speeds by changing the number of poles. 


slip when connected to its slow- 
speed winding. If the motor is re- 
versed from the higher speed for- 
ward to the slow speed reverse, the 
2-to-1 motor will have 400 per cent 
slip and the 3-to-1 motor, 600 per 
cent slip. From the above it is, evi- 
dent that care must be exercised in 
designing the motor to take care of 
these abnormal conditions and often- 
times special features must be added 
to the controller. 

The principal applications for two- 
speed motors are: 


Elevators 

Fans and pumps 

Wood- and metal-working 
machinery 

Oil well pumping and drilling 
machinery 

Sugar mill machinery 


Both drum controllers and mag- 
netic controllers are used with these 
motors; the apparatus does not dif- 
fer from the regular controllers, but 
there is usually much more of it, 
particularly where the motor is of 
the wound-rotor type. In this case 
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sists in introducing power into the 
secondary of the motor at the proper 
frequency and voltage. A wound- 
secondary motor operates below syn- 
chronous speed to generate sufficient 


voltage in the secondary to overcome 
the voltage drop in the windings. If 
power is introduced into the second- 
ary at the proper frequency and volt- 
age, the speed can be changed. When 
this external voltage is in the same 
direction as the voltage generated by 
the secondary windings, the speed of 
the motor will be increased in direct 
proportion to the voltage supplied. 
When the voltage is in the opposite 
direction to the generated voltage, the 
speed is decreased and the motor can 
be run below synchronism. This op- 
posed voltage acts the same as adi- 
ing resistance in the secondary win«- 
ings. 

Two general methods for accom- 
plishing this result differ, depending 
upon whether the motor is required 
to deliver constant torque or con- 
stant horsepower. The details of | 
these methods are available in exist- 
ing publications, which can be re- 
ferred to by anyone interested in this 
rather complicated system. 

This method of control has the 
advantage that the motor can be op- 
erated above synchronism as well as 
below synchronism and the power 
lost in controlling the speed is small, 
compared ‘with rheostatic control. 
The entire motor and control system 
is very complicated and it is difficult 
for the average electrician to under- 
stand it sufficiently to take care of 
troubles. 

The control equipment consists of 
auxiliary rotating machines such as 
frequency changers or rotaries which 
have the voltage on their windings 
adjusted by transformers and their 
field currents changed by rheostats. 


i 


Hints on Ordering Transformer Renewal Parts 


N the event of failure of a trans- 
former, a representative of the 
transformer manufacturer should be 
requested to inspect the transformer 
if this is at all practicable. He, being 
more familiar with the details of the 
transformer’s design and construc- 
tion, is usually in a better position 
than the operator to determine 
whether damage has resulted in other 
than the exposed portions of the 
winding, also exactly what parts are 
required for replacement. 

When ordering renéwal parts, care 
should be taken to specify exactly 
and in detail the parts desired, al- 
ways mentioning the serial number 
of the transformer. This number, in 
addition to being indicated on the 
nameplate, will be found on a tag 


attached to the windings, and on 
larger transformers it is usually 
stamped on the tank and cover as 
well as the core clamping structure. 

After a transformer is repaired i 
will usually be found necessary t 
dry it and also make simple voltage 
ratio tests to see that taps and ratio 
adjusters have been correctly assem- 
bled. 

If at any time it should be desirec 
to operate a transformer at other 
voltages than those indicated on th« 
nameplate, the question should be re 
ferred to the manufacturer, who ca 
determine from the design data wha‘ 
changes, if any, are practicable. 


Transformer Division, D. R. DALZzELL. 
Central Station Department, 

General Electric Company, 

Pittsfield, Mass. 
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Notice the light reflection contrast between the surface painted white and that which is unpainted. 





Obtain More Light by Using 


PROPER COLORS 


for Industrial Interiors 


S industry advances there is a 
Actes in the relative impor- 
tance of the human senses. 
Machinery decreases the importance 
of the hand, once the vital factor in 
craftsmanship, and increases the 
value: of the eye. Even the fully 
automatic machine needs the inspec- 
tion-trained eye to see that it is run- 
ning smoothly, and producing pieces 
as specified. 

Anything that serves to lighten its 
burden, to protect the eye, to help it 
in any way possible, serves to in- 
crease the efficiency of the men en- 
gaged in any industry. Increasing 


the efficiency of the governing factor 
in industrial production increases the 
output and the quality of production. 

Paint, of the proper color to re- 
flect the maximum amount of light 


By T. J. MALONEY 


The New Jersey Zinc Company 
New York City 


available, is one of the greatest as- 
sistants, and the least appreciated. 


LicgHt REFLECTING EFFICIENCY OF 
Various COLoRS 


The freshly scraped surface of a 
block of magnesium carbonate is ex- 
ceedingly white and reflects more 
light than any other object; 98 per 
cent of the light falling on it is re- 
flected. To tabulate reflection factors 
for various colors is difficult, for 
numerous reasons. There is no 
standard terminology for paint col- 
ors. Two manufacturers may call a 
paint tint by the same name, yet the 
difference in color of the two prod- 
ucts may be seen readily with the 


November, 1929—Industrial Engineering 





naked eye. The chemical content, 
the oil content, and various other 
contributing factors all produce slight 
variation. 

However, a broad classification 
may be used. The coefficients of 
reflection shown in the table on page 


' 572 are generally accepted through- 


out industry. 
WHITE, AND WHERE TO UsE IT 


White has the greatest reflecting 
value, and white paint is used to a 
greater extent than any other for 
industrial interiors. An average 
room taken in sections—floor, walls, 
and ceiling—gives the usual well 
equipped industrial interior with 
dark floors, walls either white or a 
very light tint, and ceilings practi- 
cally always white or cream. 
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The construction of the building 
to be painted governs in a large meas- 
ure the color to use. A plant having 
more than one or two stories, espe- 
cially if the distance from floor to 
ceiling is short, and the floor areas 
are great, should be painted white. 

An excellent example of a plant of 
this type is the new and surprisingly 
—if the word may be used—efficient 
plant of The New England Confec- 
tionery Company at Cambridge, 
Mass. Years of planning went into 
its construction. Every labor-saving 
device, every short cut to efficiency, 
is being used, and the company feels 
that the building itself still will be a 
leader thirty years from now. 

White paint is used throughout. 
The dado, which extends to a height 
of approximately five feet, is usually 
black or green, but whether sunlight 
is plentiful, or artificial illumination 
necessary, the walls are white. White 
is essential for this type of building 
construction. Galleries and low ceil- 
ings shut off a great deal of light, 
and even though the maximum avail- 
able amount of wall space is devoted 
to windows, the floor area is so great 
that the central sections would be 
very dark unless white ceilings, pil- 
lars, and walls reflected every possi- 
ble bit of illumination. 

With the exception of special 
rooms, where heat and humidity must 
be controlled, there are no partitions 
between sections to break up the con- 
tinuous flow of light. 








Coefficients of Reflection* 

















Per cent of Light 

CoLor Reflected 
TS BUR isinccirnnnsteacteaaes 82—89 
NESSUS uhuisscccnsenhccnscctcaealaial 75—85 
Cream 73—78 
DUNT ccisosinssmcniciccnanntpssdiopetaitiadiah 62—80 
Buff 61—75 
Light Green ..... sts 49—66 
, NENT eewerennreee. 48—75 
ER SOE ae ON 36—61 
NE TIN sccsiosinnicnienschtnendneonintatl 34—61 
I i cide unilahicnincintaececaitiadece 30—46 
Uy Se 3 Sa ee 17—63 
I ik scsissinshescepnecustlaieiader 13—30 
IN I i csacgindusccaiohnsmilceel 11—25 
Light Wood Varnish.................. 4249 


Natural Wood Brown Stain.... 17—29 








Color plays its part in cleanliness. 
In a food industry plant in particu- 
lar, cleanliness is essential. White 
extends farther than the walls in this 
confectionery plant. The candy mak- 
ers are clothed in white costumes, 
and even the bulk package candies 
are getting away from the familiar 
black and being packed in boxes of 
lighter color. 


WHITE IN OTHER TYPES OF 
INDUSTRIAL . INTERIORS 


But white has universal usage. 
The one-story, saw-tooth roof and 
other skylighted types of buildings, 
where light floods the interior from 
both skylights and windows, are 





*Information compiled by A. L. Powell, Edison 
Lamp Works, General Electric Company. 





White paint and tints are largely responsible for the visibility in this section of one of the Ford plants. 
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often painted white. Flat, egg shell 
and gloss white paints all diffuse the 
natural or artificial illumination 
which it reflects. 

At the Schenectady Works of the 
General Electric Company are nu- 
merous buildings of a familiar type 
—one story, with overhead skylights, 
a crane bay down the center and gal- 
leries on either side. Both the gal- 
leries and main bay are painted white. 
The effect is very pleasing and the 
interior illumination is a close repro- 
duction of outside conditions. The 
skylights are of glazed glass, to elimi- 
nate direct sun glare, but a passing 
cloud obliterating the sun causes the 
interior to seemingly darken in the 
same proportion as it does outside. 
The white walls and ceilings reflect 
light so naturally that the effect 
wanted, that is as close to satisfac- 
tory daylight conditions as are possi- 
ble, is achieved. 

Some plants feel that extremely 
dirty conditions make regular paint- 
ing useless. Others feel that these 
conditions demand white walls which 
can be cleaned easily and often. The 
foundry and smith shops of one of 
our largest steel producers are regu- 
larly painted white. They become 
dirty in a comparatively short time 
—these shops have the old style, 
open, coal and oil fires—but the 
white paint makes the shop brighter 
and this item is of great importance. 
Dust is blown off twice a year and 
the shops are regularly painted once 


















White paint is used throughout 


a year. The darker the interior, the 
more necessary a light paint. 


|.ABORATORY, Mess HAtt, LOocKER 
Rooms, Dressinc Rooms 


So much for the application of 
white in general. In _ particular 
phases of industry—the laboratory, 
the shop hospital, the plant mess 
halls, lavatories, and so on—white 
finds particular application. 

In the laboratory white is as much 
a fixture as test tubes, benches, and 
bunsen burners. E. F. Houghton & 
Company, Philadelphia, an oil and 
leather firm, have recently completed 
a new laboratory. It is situated so 
that it receives light from all four 
sides. White tile has taken the place 
of the usual painted dado, and the 
walls and ceilings above the tile are 
also painted white. The work 
benches are colored with the usual 
laboratory black. A sanitary, cheer- 
‘ul, and above all a well lighted lab- 
oratory is the result. 

White tile or an enamel white 
paint should be used in the lavatory 
and washrooms. Cleanliness is the 
paramount consideration and_ the 
walls should be washed frequently. 
\n enamel white, or a gloss mill 
white, will make this task as easy 
aS possible. Good paints which have 
excellent wearing qualities and may 
be easily washed are obtainable. 
When a paint of high quality is used 
—one with long life—it should as- 
sume its original luster when washed. 


the plant of the New England Confectionery Company at Cambridge, Mass. 


Food industries find absolute 
cleanliness essential H. J. Heinz 
uses a gloss white paint on walls, 
which are washed at least every six 
months. Repainting is done every 
twelve to eighteen months. Here 
washing, in so far as cleanliness is 
concerned, is equivalent to a couple 
of coats of paint. 

The shop hospital, even if it be no 
more than a dressing room, a waiting 
room, and a couple of emergency 
rooms, should be white. Cleanliness 
and light are of greater importance, 
if that be possible, than in the regu- 
lar hospital, because patients in many 
instances may soil tables and rooms 
—and white serves well in disclosing 
dirt. 

Dressing rooms, locker rooms, 
change houses, convenience houses— 
call them what you will—usually con- 
tain both clean and soiled clothes. A 
fairly dark dado is vital, but the 
walls and ceilings are usually white. 
Surely. a,clean and attractive atmos- 
phere is important in these rooms. 


SPECIALIZED USEs OF WHITE 


White is as useful for marking 
aisles on crowded factory floors as 
it is for marking open highways. Its 
contrast value is often overlooked. 
A. corner of a shop which is neces- 
sarily dark may frequently be bright- 
ened by painting some object in it 
white. Dirt that lingers in dark cor- 
ners disappears when these corners 
are painted white. Even careless 
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men hesitate before throwing rubbish 
or expectorating into these spots. Of 
course they offer a target for the 
ever-present exception. 

Machinery is often painted white, 
to help reduce obstruction to light. 
Painting only certain portions of a 
machine white is also advantageous 
at times. Light that would be lost is 
thus thrown on the work. Various 
interesting phases of this work would 
entail too much detailed information 
for as brief an article as this one. 

As to the white paints available, 
they have shown great improvement 
in recent years. Many now available 
have a reflection value of 85 or 
over, and combinations which retard 
discoloration and resultant loss of 
reflection efficiency. are rapidly in- 
creasing. The perfection of high- 
reflecting, white pigments has done 
much to improve white paint and 
stabilize its use. 


TINTS AND THEIR APPLICATION 


Cream, ivory, buff, light green and 
light warm gray walls have always 
been popular as office paints. Now 
tints, particularly those most closely 
approaching white (cream, and 
ivory), are invading the plant itself. 


- Modern construction, which consid- 


ers windows, lights, and paint three 
incentives to one end—better vision 
—is mainly responsible. Dazzling 
whites, even flat whites, are in many 
cases considered unnecessary, and a 
paint which gives a softer light is 
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found to be very satisfactory. But 
in any case cold blue grays should 
always be avoided because of their 
depressing effect on the workers. 

The maintenance engineer in 
charge of painting in all plants of one 
of the country’s largest manufactur- 
ers allows his assistants to use their 
own judgment as to the painting of 
the plants where each one is sta- 
tioned. Thus three different painting 
schemes are used in three localities 
in Pennsylvania, Massachusetts and 
New York. One plant shows an en- 
thusidsm for mill white, another for 
cream, and the third for slightly 
darker tint. Each is well satisfied 
with his own plant, and each is get- 
ting good results. 

In the case of the American Lo- 
comotive Company, the chemical lab- 
oratories are well lighted and the 
walls are painted with a flat, cream- 
colored lithopone base paint. The 
chief chemist found lithopone base 
paint to his liking but, with excellent 
lighting, the white paint was very 
bright. On repainting he used a 
cream tint and found the light and 
color combination he wanted. 


Dapo AND CoLUMN COLORS 


Most light reflecting value is in the 
ceiling and upper portions of the 
walls of the rooms. For this reason 
and because of constant contact with 
hands and clothes of workmen the 
lower portion of the wall, the dado, 
is usually of a darker color. Light 
reflecting efficiency is not so im- 
portant and gray, green, brown, and 
black are popular colors. The dado 
varies, but distances, between 4 and 
5% ft. seem most popular. The dado 
usually is in harmony as to height 


and color with that of the walls. In 
some plants columns, especially those 
in warehouses, are often used as test 
panels by the plant engineer for vari- 
ous paints and colors. 


GRAY 


Gray—other than a tint that is just 
off the white—is distinctly lower in 
light reflecting efficiency than white, 
or the other light tints made on a 
white base. Gray sometimes has its 
place in interiors where open fires 
cause a great deal of oil or coal 
smoke. 

But this particular type of shop is 
fast disappearing. [Electric rivet 
heaters are displacing open rivet fires. 
Ventilating ducts carry the smoke 
from oil furnaces to an outside ex- 
haust. The same applies to various 
forms of coal fires. 


CoLtor HARMONY 


Fittingly, one of the finest ex- 
amples of interior color harmony the 
writer has seen in his visits to vari- 
ous industrial centers is in the new 
Harvard School of Business. The 
architects and President Lowell con- 
sidered ideal colors for the ease of 
the eye sight of students as important 
as the structures themselves. Lec- 
ture room walls are in two tones of 
light green. The dado, which is un- 
usually high, is a pea green, while 
the upper portion of the wall is 
slightly lighter. The ceilings are 
tinted with ivory. The decorative 
scheme is simple—a lecture black- 
board which is the focal center of 
the room, a few prints, and perhaps 
a map. The impression upon being 
seated is one of extreme ease—the 
eye feels comfortable and pleased 





The laboratory of E. F. Houghton & Company. Even though the amount 
of window space is the maximum, white is the color of the walls. 
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with its surroundings. In the, cor- 
ridors,-walls are cream and ceilings 
are white. In the spacious library 
deeper tints are used but the light 
effect—the harmony of pleasant 
colors and light reflecting colors—is 
maintained. 


SPECIAL USES oF COLOR 


During the war color as a means 
of camouflage became an interestiny 
science. Color as a means of con- 


-trast, to dispel camouflage, is just a: 


interesting in industry. The Genera! 
Electric Company has experimente:: 
with modernistic: yellow and_blaci: 
striping on jib cranes. The traveling 
crane operator finds that because they 
stand out so prominently against th: 
white background of the rest of the 
shop there is little chance of his hit- 
ting them with the load his crane is 
carrying. And the huge crane hooks 
of traveling cranes are also painted 
yellow. é 

Red doesn’t just happen to be the 
color signifying danger. Blood, 
flowing blood, causes an inherent 
sense of fear in anyone. And it has 
caused this fear ever since the crea- 
tion, or evolution, of man. So red 
signifies all types of danger. Devices 
to combat these dangers—fire haz- 
ards, explosives, shaftways— are 
painted red. To make all fire signals 
and alarm boxes more prominent one 
manufacturer paints a yellow circle 
around the place on the wall where 
this apparatus hangs. 

Contrasting colors on pipe lines are 
of great service in maintaining these 
lines. Where water, oil, gasoline, 
low pressure steam, high pressure 
steam, and exhaust steam are used 
in a plant many engineers adopt a 
color signifying each. 

Machinery is usually finished in a 
dark color—black, dull gray, machine 
blue-green, olive green. Some manu- 
facturers of machine tools deliber- 
ately deviate from the usual colors 
and finish their product in striking 
contrast to the usual scheme in their 
field for attention or advertising 
purposes. 

In a period when many are arguing 
the merits and demerits of specifica- 
tions color schemes in industrial 
plants show a great variation and 
thus a great deal of the personality 
of the firm and engineers responsible 
for particular layouts. But the light 
reflecting efficiencies enumerated at 
the beginning of the article are tried 
and proved and, in the main, white 
and the lighter tints prevail as the 
best aids to illumination. 








YNCHRONOUS MOTORS 





of fer to industry 


N outstanding feature in the 
motorization of industrial 
plants has been the increased 

use of synchronous motors. Not 
only are more of them being used in 
conventional ways, but many new ap- 
plications have been opened up to 
them through the work of the syn- 
chronous motor designing engineers. 

A normal synchronous motor con- 
sists of a stator or outside, stationary 
a.c., phase-wound member, and a 
rotor or inside rotating member car- 
rying salient poles in which magnetic 
flux is set up by d.c. field coils. The 
rotating magnetic flux of the stator 
interlocks with the flux of the salient 
poles and takes the rotor along with 
it, turn for turn. The distinctive 


marks of a synchronous motor are 
the relatively large d.c. field cores on 
the rotor:and two collector rings on 
the shaft. 

The exterior appearance covers a 


By R. H. ROGERS 


Industrial Engineering Department 
General Electric Company 
Schenectady, N. Y. 


wide range of forms from a thin, 
watch-case model to some in which 
the length is much more than the 
diameter. Synchronous motors may 
look like any of the forms of induc- 
tion motors, or they may consist of 
stator and rotor only, with all other 
parts belonging to the driven unit. 
Many are equipped with direct-con- 
nected exciters, whereas others are 
excited from a belted generator, an 
individual motor-generator set, or 
from a general d.c. bus. 
Synchronous motors have certain 
inherent characteristics that make 
them especially suitable for many 
kinds of motor drives. A resume of 
these characteristics and their advan- 
tages will serve to show why these 
motors are preferred formany drives. 
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1. Precise speed—no slip; insures 
constant rate of production. 


2. Speed is not affected by voltage 
changes: especially advantageous for 
conversion apparatus. 


3. Efficiency is the highest of all 
motor types; the economy is great on 
heavy loads with high load factor. 


4. Power factor is unity or lead- 
ing and, therefore, improves plant 
power factor. 


5. Can operate as synchronous 
condenser economically if power fac- 
tor is leading and thus makes good 
use of otherwise idle equipment. 


6. Low speeds are obtained with 
better all-around economy than with 
any other type of motor, eliminating 
or minimizing speed-reducing gear. 


7. Low-speed synchronous motors 
are inherently thin models, and thus 
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SPEEDS OF SYNCHRONOUS 
MOTORS IN REVOLU- 
TIONS PER MINUTE 
No. 60 50 40 25 
Poles Cycles Cycles Cycles Cycles 
2 3,600 3,000 2,400 1,500 
41,800 1,500 1,200 750 
6 1,200 1,000 800 500 
8 900 750 600 375 
10 720 600 480 300 
12 600 500 400 250 
14 514 428.6 343 214 
16 450 375 300 187.5 
18 400 333.3 2666 166.6 
20 360 300 240 150 
22 327 273 218 136.2 
24 300 250 200 125 
26 277 230.8 1845 115.4 
28 257 214 171.5 107 
30 240 200 160 100 
32 225 187.5 150 93.7 
34 212 176.5 141 88.2 
36 ©6200 166.6 133.3 83.3 
38 189.5 157 126.3 79 
40 180 150 120 75 
42 171 143 114 bs 
44 163.5 1363 109 
46 1565 130.5 104 
48 150 125 100 
50 144 120 96 
52 1385 115.2 92.3 
54 133 111 89 
56 1285 107 85.8 
58 124 103 82.8 
60 120 100 80 
62 116 96.8 77.5 
64 112.5 93.7 75 
66 109 91 728 
68 106 88.3 70.6 

70 =103 85.7 
72 100 83.3 
74 97.5 81 
76 95 79 
78 92.2 77 
80 90 75 
82 97.8 73.2 
84 85.7 75 
86 83.7 

88 81.8 

90 80 

92 78.3 

94 76.6 

96 75 

98 73.5 

100 72 











conserve space along the shaft when 
overhung or built in. . 


8. Split rotor construction is op- 
tional except in small sizes using ro- 
tor punchings. This feature facili- 
tates assembly on shaft of driven 
machine. 


9. Collector rings and_ brushes 
carry only low-value current and 
voltage, which makes for long, 
trouble-free life for these parts. 


10. The large air gap, as compared 
with other a.c. motors, facilitates 
separate mounting of stator frame. 


In effect a.synchronous motor is 
geared to the frequency of its power 
circuit just as a driven sprocket 
wheel is geared to the chain driving 
it. For 60 cycles we can imagine a 
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chain moving so that 7,200 holes pass 
a given point per minute. That chain 
would drive a twelve-tooth sprocket 
at 600 r.p.m., and a frequency of. 60 
cycles will drive a twelve-pole motor 
at 600 r.p.m. Hence, twice the cy- 
cles per minute divided by the num- 
ber of poles equals the revolutions 
per minute. 

The synchronous motor is just as 
rigidly driven at this speed as the 
sprocket wheel mentioned above. 
Any number of sprocket wheels with 
various numbers of teeth might be 
driven from the same chain at cor- 
responding speeds; likewise syn- 
chronous motors may be driven at 
certain fixed speeds between 3,600 
r.p.m. for a two-pole motor to, say, 
72 r.p.m. for a 100-pole motor. 

The motor speeds actually follow 
the frequency precisely, whereas the 
speeds in the table are carried to only 
one decimal place in cases where the 
speed is not an even number. When 
the frequency of a power system is 
regulated so that there will always 
be the required number of cycles 
every twenty-four hours the motor 
speeds will be as accurate as a first- 
class pendulum. 


of synchronous motors to provide a 
phantom “back line’ shaft that has 
the par speed from which the eight 
to ten paper machine sections vary 
by small adjustable amounts called 
“draw.” 

No other type of commercial mo- 
tor has been devised that can equal 
the efficiency of the synchronous 
motor. Where the load is heavy and 
the load factor high, a difference of 
1 per cent in efficiency represents a 
respectable sum of money in a year. 
For example, in a Canadian paper 
mill fifteen 2,400-hp. synchronous 
motors drive wood pulp grinders. 
The efficiency of these motors is 96.2 
per cent. They operate at full load, 
full time; so it is evident that 1 per 
cent less efficiency would call for 
about 2,440,000 kw.-hr. additional 
per year. This amount of energy 
purchased at, say, 1 cent per kilo- 
watt-hour, would represent $24,400. 

Improvement of plant power fac- 
tor is beneficial in several ways, re- 
gardless of whether power is pur- 
chased or generated within the plant. 
The use of synchronous motors im- 
proves plant power factor in an in- 
expensive and satisfactory way. The 
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D-0.87 pf 1180 kKva. 
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Raising plant power factor by the addition of a 250-hp. synchronous 


motor to a plant load of 1,000-hp. in induction motors. 
In curve B a 250-hp. unity-power-factor syn- 


the original condition. 


Curve A shows 


chronous motor has been added, raising the power factor to 0.815. With 
_ an 0.8-power factor motor the plant power factor would be 0.85 (curve 
C), and with an 0.9-power-factor motor, curve D, it would be 0.87. 


This speed precision, coupled with 
the fact that voltage fluctuations do 
not affect the speed, is of value in 
production work that may be ad- 
versely affected by speed variations. 
It is an especially valuable character- 
istic in conversion service, because 
the output of the driven generator 
will be constant, so far as constant 
speed can make it so. 

The synchronous tie-in feature of 
sectional paper machine drives util- 
izes the precision speed characteristic 


accompanying diagram will serve to 
illustrate a typical case. 

Assume that a plant has a 1,000-hp. 
load in induction motors operating 
at an efficiency of 90 per cent, and 
that the plant power factor is 0.75. 
Now add 250 hp. in synchronous 
motors operating at 93 per cent effi- 
ciency and unity power factor. As 
a result the plant power factor will 
be raised from 0.75 to nearly 0.815, 
an increase of about 9 per cent. 

Now, if 0.9 leading-power-factor 
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synchronous motors are chosen, the 
resulting power factor will be 0.85, 
an increase of more than 13 per 
cent. By using 0.8 leading-power- 
factor motors the resulting plant 
power factor would be 0.87, or a gain 
of 16 per cent. 

In many cases where power is pur- 
chased there is a power factor pre- 
mium clause in the contract that puts 
a direct money value on high power 
factor. Plant generators or trans- 
formers and distribution cables may 
be loaded to capacity, so far as heat- 
ing is concerned, in which case im- 
proved power factor will allow 
expansion without increasing the 
venerator, transformer, or distribu- 
tion cable capacity. Better power 
factor will stabilize the voltage, and 
stabilized voltage means steadier 
lights and less slip in induction mo- 
tor speeds—hence, more production. 

Another feature peculiar to syn- 
chronous motors is that they may be 
operated unloaded to act as syn- 
chronous condensers for power 
factor improvement. When the 
power factor of the motor is 0.8 or 
better, synchronous condenser opera- 
tion is fairly economical. It some- 
times happens that one or more units 
may be idle while the plant power 
factor is lower than is desired. Idle, 
leading-power-factor motors that can 
be disconnected from their loads 
should be run light to improve the 
plant power factor. 

Synchronous motors are especially 
well adapted for slow-speed opera- 


Synchronous motors find wide 
application in motor-generator 
sets. Here is a group of 405-kw. 
units in a large chemical plant. 
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tion, as compared with induction 
motors. The increased magnetizing 
current required for the many poles 
of slow-speed induction motors brings 
about a very low power factor and 
the efficiency is also adversely af- 
fected. It has been the practice to 
use considerable gear reduction ap- 
paratus with induction motors to 
avoid these conditions when driving 
slow-speed machinery. Synchronous 
motors, on the other hand, are eco- 
nomical at low speeds and are often 
direct-connected, or operate through 
a single gear reduction. This arrange- 
ment reduces maintenance costs and 
makes a more efficient drive. 

Very large sizes, very high speeds 
and very low speeds have greatly 
spread the field of application. The 
outstanding factor in opening up new 
applications has been the improve- 
ment in starting - characteristics. 
Motors of this class are now built 
with starting torque as high as 185 
per cent of full-load torque. This 
feature tends to do away with 
clutches and other unloading devices. 
A further improvement has been 
made by adopting the double squir- 
rel cage of the high-torque, high- 
reactance, squirrel-cage induction 
motors. This feature keeps down 
the inrush of current at starting and 
makes it possible to use full-voltage 
















starting on very large motors without 
undue mechanical shock to the con- 
nected machinery, as the start is 
deliberate, going in some cases to 
eight seconds. 

Control devices, units, and systems 
associated with synchronous motors 
have undergone numerous changes in 
recent years. The principal changes 
have had to do with full-voltage 
starting, simplified control units, 
control for many motors connected 
to one switchboard, and the more 
general use of magnetic control 
actuated by push buttons. 

Supersynchronous motors have a 
special system of control in that the 
stator is built so that it can revolve 
and be brought to synchronous speed 
with the rotor standing still. A band 
brake is applied to the stator and as 
it is slowed down the rotor comes up 
to speed with its load, and with all 
its pull-out torque available for 
starting. The sum of the stator and 
rotor speeds is synchronous speed 
and, of course, when the stator stops 
the rotor is a synchronism. The 
brake is applied by hand or by a 
small d.c. motor. The starting time 
can be prolonged to 20 seconds or 
more so that the current inrush 


is low, mechanical parts are not 
strained, and very heavy starting 
torque can be developed. 
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Modermzation’s U Itimate Goal 


HERE is something very stimulating in what 

President Hoover said last month in dedi- 
cating a monument celebrating the reopening of 
the improved Ohio river. Here it is: 


“The whole Ohio Valley and the nation 
as well should be congratulated upon this 
occasion. A new agency of service now be- 
gins its quiet labors for mankind. The tow 
path that led one Ohio boy to the White 
House has been modernized. But opportu- 
nity has been expanded by the abandonment 
of the tow path for the engine. It is the 
glory of our scientific age that its sooty proc- 
esses in the end bring results that make child- 
hood stronger and happier, and give to man- 
hood and womanhood a life richer and more 
varied.” 


The lowly tow path has been modernized— 
and with what significance. So have such lowly 
jobs as shoveling coal, oiling, and cleaning. And 
the better jobs are getting always better. Occu- 
pational hazards are being done away with or 
lessened. Always fewer backs are being broken 
by the drudgery of toil. 

All of it is modernization, prompted of course 
by the laudable ambition of individuals and in- 
dustry to forge ahead, but “‘in the end bringing 
results that make childhood stronger and happier, 
and give to manhood and womanhood a life richer 
and more varied.” 








“You'll Have to Wat Until Mr. Blank 
Comes Back to the Office” 


(This editorial was inspired by a wait of more than 
two hours for the plant engineer of a large concern to 
“come back to the office”—the plant has no call system.) 


NYONE calling frequently at industrial 

plants knows something about the amount 
of time lost in getting to see his man. Some lost 
time is unavoidable, because of other appoint- 
ments, emergencies, absence and pressing work 
that can’t be left at once. There are occasions 
when the man to be interviewed deliberately lets 
the visitor wait. And then there are instances 


when the lack of a call system makes prompt 
location of personnel impossible. 

Unavoidable delays are accepted with good 
_grace, naturally. 


There is no excuse for the de- 
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liberate delays, however, and little more for the 
waits that might be avoided by a call system. If 
a plant is so big that a man can get lost in it, so 
far as locating him is concerned, it can afford to 
install and operate a call system. 


Perhaps part of the blame for failure to take 
care of this feature of plant operation is due to 
the feeling that the other fellow is paying the 
expense of waiting. So he is, directly—but the 
cost of his time is a part of the cost of the product 
that he represents, and eventually the consumer 
pays. 

The plant without a call system pays directly, 
too, when one part of the organization must wait 
to see another, and when production delay due 
to breakdown is extended because the mainte- 
nance engineer cannot be located. It is especially 
worth while to have the men in charge of plant 
operation tied to the other departments by a call 
system. 








Heat Comes First 


OVEMBER is the month in which old-man 
Winter settles down to steady activity for 

most of the plants above the Mason-Dixon line. 
How well he does his job is evidenced by the 
attitude of the employees to their work. His 


efforts are strained to the utmost in locating the 


weak spots in the plant. At a temperature below 
40 deg. F. personnel is uncomfortable; other dis- 
comforts exist in the type of plant that is neglected 
the year round. 

In contrast, there is the plant that assumes the 
responsibility for the comfort of those engaged 
in production and service-to-production activities. 
It is not difficult to determine the reason why this 
plant is always in the pink of condition. Cold 
corners disappeared when the efficacy of unit 
heaters as a plant-betterment device was estab- 
lished. Other devices make their influences felt 
through the long winter months, but heat comes 
first so it is worthy of careful investigation before 
winter sets in. 








Ten Horsepower for One—An Incident 
in Industrial Progress 


ECENTLY, in an automobile plant, it was 

necessary to replace 3-hp. by 30-hp. motors 
on automatics machining flywheels. The imme- 
diate cause for this change was the adoption ‘df 
cemented tungsten-carbide cutting tools in place 
of tools made of high-speed steel.* On account 
of the much greater amount of metal removed 
per unit of time the greater power was necessary. 





* Cemented tungsten-carbide tools are capable of cutting at very high 
speeds. Since there are several important conditions limiting their use, 
the impression that they will crowd high-speed steels off the market 
should not be gained. 
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This incident is illustrative of what is going on 
in industry—and indicates that the group in 
charge of plant engineering may be called upon 
to do some astounding things, including, probably, 
some super-maintenance work. They will want 
to be ready by having kept abreast of develop- 
ment. There are well-known ways of doing so. 








Paper, Ink, and Ideas—One of Your 
Important Engineering Tools 


\7 OUR editor recently heard the designer of 
a machine that has meant much to industry 
ell how he began his work, dropped it, and took 
‘t up again to carry it to a successful conclusion. 
First came the idea, emerging from an associa- 
‘ion of obstacles in related work that he was 
loing. A friend discouraged him, by pointing 
out how he could not compete with existing meth- 
ods, and he put aside his plans. Then he read, 
in a technical publication, how someone else had 
done similar work by a method involving the prin- 
ciples upon which his design was based. He re- 
sumed his work and built a successful machine. 

This designer shouldn’t have stopped his work 
when discouraged by one friend, of course. But 
he did—and the thing that put him back on the 
track was a technical magazine. 

There is a selfish motive in telling about this 
incident, but there is a duty, too. The technical 
publication is one of the tools of technicians, just 
as are the objects made of metals, and wood, and 
other materials that he uses in his work. It is a 
tool that he should not neglect, because it pos- 
sesses probably more potentialities than any other 
tool he has. In the case cited one short article 
meant the difference between having and not hav- 
ing a business. The editor should not permit his 
modesty to cause him to refrain from urging the 
use of so valuable a tool. 








Two Car Loads of Good Will 
and Progressiveness 


AST month the general manager of the Pratt 
and Whitney Company took with him to the 
National Machine Tool Builders’ Exposition, in 
Cleveland, enough men to fill two Pullman cars. 
[hey were men from the P. & W. shops who, 
for years, had been building machines for exposi- 
tions, and for industry—and only in rare instances 
saw them after they left the plant. 

It requires courage to foot the bills for fifty 
men for a round trip between Hartford, Conn., 
and Cleveland, Ohio. But look at the return on 
the investment—loyalty, good will, ideas, progres- 
siveness. ‘There is an organization wholeheart- 
edly exposing its men to the modernization germ. 
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Even Grass Pays 


UCH has been said about the psychological 

effect produced by landscaping the prop- 

erty around industrial plants, but there is another, 
a dollar and cents, reason for doing it. 

Those of you who have moved into a new 
urban home, before the lawn has developed, have 
heard “friend wife” complain about the amount 
of dirt which is blown or tracked into the house, 
requiring a continuous round of cleaning. 

As a well-kept lawn reduces the cleaning in a 
home, so it will in your plant effect savings in 
janitor work, wear and tear on machinery, labor 
(due to better lighting) and cleaning of finished 
products that will often more than pay for the 
planting and maintenance. 

You finish the surfaces of your equipment and 
building. Why should you neglect the surface of 
your grounds? . 








Safety Through Leadership 
TUDIES of the underlying causes of indus- 


trial accidents reveal that the failure of 
employees to perform their work safely is due 
principally to a lack of leadership. And because 
of a tremendous increase in accidents in a certain 
industrial area last year, as against the previous 
year, it is the belief of close students of this prob- 
lem that schools and universities can be of 
material benefit by making their courses for the 
training of public and industrial safety directors 
available to any man or woman showing qualities 
of leadership, irrespective of previous academic 
education. 

Having established a hypothesis, it remains to 
be proved, nevertheless the sincerity of these 
students is evidenced by an announcement of more 
than ordinary interest that follows in the wake of 
the recent Safety Congress. It states that such 
a course will be given this year by one university 
in cooperation with a safety museum and ten in- 
dustrial and commercial associations which have 
been asked to establish scholarships. Students of 
the course will be taken through member plants 
where they may observe at first hand the tech- 
nique of accident prevention. 

As safely through accident prevention is of 
major interest to all industries, Industrial Engi- 
neering, devoted as it is to all phases of plant 
engineering in industry, takes a sympathetic stand, 
for despite the excellent accomplishments of many 
industries in the elimination of hazards, it is 
realized that there is yet much to be done to stem 
the tide or lower the accident toll. 

If the major cause of the present situation in 
this new profession is due to the lack of leaders, 
this method of getting them is, no doubt, as 
good as any. 
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Adapting Auto-Starters 
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Fig. 1—Schematic diagram of auto-starter with two 


transformers connected in open delta. 


ONSIDERABLE data are 
C available on how to change 

the rotor and stator windings 
of induction motors to meet changes 
in voltage, phase, frequency, or 
speed, but very little information has 
been published pertaining to the 
changes in the starting equipment 
that are necessary under the same 
conditions. 

In this and a succeeding article we 
will discuss the various points to be 
checked when it is desired to use 
starting equipment on applications 
having different line or motor ratings 
than those for which the starter was 
originally designed. 

The types of changes that may be 
desired are: 


1. Using a starter of a given rating 
for a smaller motor. 

2. Changing from four to three 
wire, two phase. 

3. Changing from two to three 
phase, or vice versa, 


4. Change in voltage. 

5. Using a 25-cycle starter on 60 cy- 
cles. 

6. Using a 60-cycle starter on 25 cy- 
cles. 


As the large majority of starters, 
other than the across-the-line vari- 
ety, are of the type that uses an auto- 
transformer to reduce the line volt- 
age and provide sufficient current to 
give the required starting torque, the 
principles of the auto-transformer 
will be considered first, to make 
clearer what happens when certain 
changes are made. 
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In auto-starters it is standard prac- 
tice to provide each transformer coil 
with 50, 65, 80 and 100 per cent 
voltage taps, as Fig. 1 shows. 

Some auto-starters are provided 
with two transformers connected in 
open delta, as in Fig. 1, for two- and 
three-phase service, whereas in other 
starters three coils are used. The 
advantages and disadvantages of 
these types will not be discussed 
here, but it may be said that in an 
emergency if one coil of a three-coil 
starter burns out it can be cut out 
and the two good coils connected to 
each outside leg in open delta, as in 
Fig. 1, thus maintaining service until 
a replacement coil can be obtained. 
However, care must be taken, as 
the remaining two coils are more 
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likely to burn out when operating in 
open delta. 

An auto-transformer has_ two 
windings, the primary and secondary, 
but the two windings are connected 
together, whereas in power or light- 
ing transformers the two windings 
are two separate units. Hence, there 
are different values of current in 
the various sections of the auto- 
transformer winding, as will be 
explained later. 

In any auto-transformer, there are 
present two currents, the working or 
load current and the exciting or mag- 
netizing current. 

The exciting current is composed 
of two principal items: the magnetiz- 
ing current, which is a zero-power- 
factor current, and the iron-loss cur- 
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Fig. 2—Division of current in an auto-transformer. 


The exciting current 


in the longer section of the transformer opposes the motor load current, 
so that the two tend to neutralize each other. The two currents add in 
the small end of the transformer winding. 
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rent, which is a 100 per cent power 
factor current. These two elements 
give a resulting current which is 
called the exciting current and may 
have a power factor as high as the 
power factor of the induction motor 
when it is connected to the line and 
the rotor is stationary. By referring 
to Fig. 2 it will be noted that the 
exciting current in the longer section 
of the auto-transformer tends to flow 
iit Opposition to the motor load cur- 
rent. As these two currents have 
»ower factors that are not far apart, 
‘he motor current neutralizes this 
inagnetizing current, and it is possible 
(0 proportion the motor load current 
so that there will be very little cur- 
rent or J’R loss in the larger part of 
(he transformer windings. 

This condition. is only approx- 
imated, as the motor current is not 





The motor current is divided so 
that section a of the auto-transformer 
draws 53 amp., and section b, 29 
amp. In section a the two currents 
add, making a total of 53 plus 22, or 
75 amp. In section b the currents 
subtract, making a total of 29 minus 
22 or 7 amp. Inasmuch as section b 
represents 65 per cent of the total 
winding it is seen that the total heat- 
ing in the transformer is reduced by 
exciting current. 

If the motor were connected to the 
80 per cent tap (Fig. 4) the heating 
in the transformer would be still 
less, although the motor current 
would be greater. This is because 
section a, which carries the extra 
current, is only 20 per cent, instead 


_of 35 per cent, of the total winding 


space. This point has been demon- 
strated by actual tests. 


motor as for the 30-hp. motor. If 
the 5-hp. motor were connected to 
the 80 per cent tap, the difference 
would be still greater. 

These two examples show that a 
large starter used on a small motor 
may heat up more than if used with 
a motor of the size for which it was 
designed. The examples are exag- 
gerated somewhat in that the cur- 
rents do not cancel to the full extent 
shown, due to the difference in phase 
angles, as the examples are simpli- 
fied to make them easy to follow. In 
using starters with smaller motors, 
care should be exercised: doubtful 
cases should be referred to the 
manufacturer. 

It is evident that if the exciting 
current were zero or had a very small 
value, there would be an advantage 
in using a large starter with a small 
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Fig. 3—Distribution of current during the starting period when, A, a 30-hp. motor and, B, a 5-hp. 


motor are connected to the 65 per cent tap of a 30-hp. auto-transformer. 


exactly in phase with the exciting 
current. It illustrates, however, the 
fact that the magnetizing current 
actually reduces the /’R loss in the 
larger part of the transformer wind- 
ings. The two currents add in the 
small end of the transformer wind- 
ing, so that as the starting voltage 
is decreased the effect of this mag- 
netizing current becomes more and 
more apparent. The current taken 
by the motor, however, decreases 
with the decreasing voltage so that 
one effect offsets the other to a con- 
siderable extent. 

The distribution of current in an 
iuto-transformer during the starting 
»f the motor is further illustrated by 
Figs. 3 and 4. We will assume that 
the starter has been designed for a 
30-hp., three-phase, 440-volt motor 
(Fig. 3A) and that the root-mean- 
square current of this motor per 
phase during acceleration is 82 amp. 
at 65 per cent of normal voltage. We 
will also assume that the exciting 
current of the starter is 22 amperes. 


From these facts we can also ex- 
plain what happens when a given 
starter is used with a motor of lower 
rating than the starter (Case 1 
above). 

Let us assume that this 30-hp. 
starter was used for starting a 5-hp., 
three-phase, 440-volt motor, as in 
Fig. 3B. The full-load current of 
this motor is approximately 15 amp. 
when connected to 65 per cent of 
normal voltage. The motor current 
is distributed in the transformer 
windings so that section a draws 10 
amp. and section b, 5 amp. We as- 
sumed above that the exciting cur- 
rent was 22 amp. The total current 
in section a, Fig. 3B, will therefore, 
be 10 plus 22 or a total of 32 amp. 
as compared with 75 amp. for the 30- 
hp. motor. 

The current in section 5 will be 
22 amp. minus 5, or 17 amp. total, 
as compared with 7 amp. for the 30- 
hp. motor. The heating effect of the 
current in section 6 is, therefore, 
about six times as great for the 5-hp. 
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motor, in the same way that a re- 
sistor will heat up less with a small 
motor than with a large one. How- 
ever, such a transformer would be 
very unsatisfactory when used with 
a motor of its full horsepower rating. 
The exciting current should be made 
high enough to reduce materially the 
heating on the 65 or 80 per cent taps. 

From time to time, someone meas- 
ures the exciting current of an auto- 
transformer starter at no load and is 
surprised to find it quite large. This 
is true, and the heating effect will 
naturally be considerable if current 
is left on long enough. If this test 
is carried a little farther and the 
motor is connected to the circuit with 
its secondary locked in a stationary 
position and the input current, both 
from the line and in the motor, is 
accurately measured, it will be found 
that by decreasing the motor current 
in the ratio of the transformation 
and subtracting this from the total 
input current the magnetizing current 
has added in many cases less than 
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5 per cent to the total current. This 
condition is true of the 65 per cent 
tap. If these tests are now repeated 
on the 80 per cent tap the increase 
in the magnetizing current will be 
found to be less. 

Another way to analyze the prob- 
lem is to consider that the magnetiz- 
ing current taken by the motor is 
fixed for a given voltage. The auto- 
transformer furnishes this magnetiz- 
ing current to the motor. If the 
section of the transformer between 
the motor terminals is considered it 
will be found that the magnetizing 
current required by the transformer 
is approximately 180 deg. out of 
phase relation with the magnetizing 
current taken by the motor. Thus, 
the magnetizing current of the one 


cancels that of the other. If these 
magnetizing currents are equal there 
will be only a small flow of current 
in this section of the transformer, 
due to a difference of the phase rela- 
tion between the currents. 

The section of the transformer 
winding between the motor terminals 
and the line, and designated as sec- 
tion ain Figs. 3A and 3B has a mag- 
netizing current flowing through the 
windings which is not neutralized by 
the magnetizing current of the motor. 
The two magnetizing currents add 
vectorially and tend to heat these 
windings, due to the /°R loss. If the 
resistance of this portion of the wind- 
ing is kept low the actual wattage is 
also low, this being only a question 
of design. 





New Versus Old Machinery 


By GEORGE RICE 


EARS ago the writer was em- 

ployed in an industrial plant as 
a machinist and repairman by a com- 
pany which operated a similar plant 
in the same town. Both plants were 
run under the same management, em- 
ployed the same class of help, and 
manufactured the same line of prod- 
ucts. These two plants, which were 
operated almost side by side and con- 
tained machinery of the same kind 
but of different period of construc- 
tion, always had a contrary schedule 
of labor costs. One was equipped 
with machinery averaging twenty 
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years of service, while the other was 
equipped with practically new ma- 
chinery. The labor costs of the prod- 
ucts of the plant provided with old 
machinery ranged from two to five 
per cent more than those of the plant 
provided with new machinery. 

Furthermore, a somewhat higher 
market value was always derived 
from the sales distribution of the out- 
put of the plant operating the new 
machinery for the reason that the 
improvements which had been made 
on the new models resulted in more 
perfect goods. 






In order to maintain the standard 
of machine stoppage it is necessary 
to keep the machinery in good run- 
ning condition. In some plants regu- 
lar inspection of machines and keep- 
ing repair or replacement records is 
of great assistance. In others reli- 
ance is placed upon casual observa- 
tions of equipment, resulting often 
in delays in procuring new parts or 
new machines for replacement pur- 
poses. In still others no attempt is 
made for the upkeep of any of the 
equipment and nothing is done until 
a machine actually breaks down. 

A machine has not yet been in- 
vented which will run on indefinitely 
without wear. Even if it did not 
wear it would become out-of-date in 
a few years. In all shops and mills 
where any kind of machinery is in 
constant service there is continuous 
deterioration. The depreciation used 
to be about two per cent on some of 
the older types of metal, woodwork- 
ing and general machinery. Now-a 
days, even with gears milled from 
the best of gear steel, and other parts 
of machinery equally well made, 
some officials of industrial plants 
make the item of depreciation on ma- 
chinery as high as 20 per cent an- 
nually. But the machines are oper- 
ated at increased speed and the 
augmented production more than 
offsets the increased cost of 
maintenance. 

In the eighties, when the writer 
first began shop work, the manage- 
ment showed machinery depreciation 
on the yearly balance sheet on the 
basis of wear and tear only. At pres- 
ent the depreciation of machinery on 
the basis of obsolescence is more im- 
portant. 

Sometimes the depreciation item 
is added to the surplus to give a 
grand total of undivided profits and 
then again it may be set aside to be 
used at the end of a certain number 
of years as a fund for new machin- 
ery. I have known as long as 25 
years being fixed for the turnove! 
period. That was in the old day: 
when power often was provided by 
slow moving waterwheels and trans- 
mitted by gears with apple wood 
cogs in their rims. There are ma- 
chinery users who now figure on fif- 
teen-, ten-, and sometimes five-yea! 
replacement, and increase their prof- 
its by so doing. There is, of course 
some special machinery which, if no‘ 
replaced every few years, becomes 
junk so far as obsolescence is con- 
cerned, although it may run well 
enough. 
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HERE IS A PLACE where you can get some inside information when you 
get stuck. The only condition is that you do a good turn to the other 
fellow when he asks a question that you can answer from your experience 


QUESTIONS 
Asked and Answered 


] By Readers 








When Should Conveyor Chains 
Be Replaced? 


The chain on one of our conveyors 
has been running fora period of five 
years and we are now having to shut 
down regularly to repair it. The 
chief engineer made some tests which, 
he claims, shows the chain to have a 
factor of safety of two. He main- 
tains that the chain is good enough 
and that the breakage is due to the con- 
veyor catching. I personally have 
checked the conveyor and find no points 
where there is any indication of the 
chain catching. 

While a factor of safety of two may 
be satisfactory on new chains I doubt 
that it is on old chains. Can any of 
your readers advise me as to what the 
general practice is in regard to the 
renewal of worn chains? 


Passaic, N. J. J. &, J® 
—— 
What Is a Good Floor 
Cleaner? 


We have lately laid down some hard 
block floor inside of our plant. As 
yet we have found no satisfactory 
method of cleaning it as dirt and oil 
seem to be building up on this section 
of the floor. At present we are using 
scrapers but this requires a consider- 
able amount of labor, and I believe it 
does the floor no particular good. I 
would be pleased to hear from anyone 
who has a satisfactory solution for 
cleaning this type of floor. 

Oak Park, Ill. M. M. H. 


eee eee 


High Voltage to Ground from 
Underground Transformers 


I have two 5-hp., three-phase, 220- 
volt, 60-cycle induction motors located 
about % mile apart that are fed from 
two 2,400/240-volt transformers con- 
nected in open delta and not grounded. 
Both motors became grounded and in 
testing with a voltmeter of 0-300 scale 
I found that the voltage on the line 


side of the safety switch for each mo- 
tor registered 240 volts, across all lines. 
When I tested from the ungrounded 
line to ground, with the motors run- 
ning, the voltmeter was thrown off the 
scale every time. I should like to 
know what caused this action and how 
to prevent this high voltage to ground. 
Reidsville, N. C. 3% &. 


a 


What Is Wrong in This Fuel 
Oil System? 

We have been experiencing a consid- 

erable amount of trouble with the plug- 


ging up of the oil burners on our oven 
heaters. I traced this trouble back to 


‘the time we started using a heavier 


grade of fuel oil. Before putting the 
heavy oil into our tanks we tried some 
of it in drums, feeding it to the burn- 
ers by gravity and no trouble developed 
during a 30-day trial. However, since 
we got it in tank car lots we have been 
bothered with it settling out in the pipe 
lines in the form of tar. We have 
tried heating it to a higher tempera- 
ture which seems to make the condition 
worse. I would appreciate it if some- 
one would tell me what causes our 
trouble and how to overcome it. 
Detroit, Mich. me £61. 


—_ 


What Preservative to Protect 
Wood from Decay? 


In some of our buildings the tempera- 
ture is quite high and our processes 
make it necessary to maintain a high 
degree of humidity, by the use of hu- 
midifiers. This combination of warmth 
and moisture causes very rapid decay 
of wooden beams and other parts, and 
makes frequent replacement necessary. 
Painting does not stop the trouble, and 
treatment of the wood with some pre- 
servative seems to be required. I shall 
appreciate it if readers who have had 
similar experience will tell me what 
kind of preservative they have found 
most effective, and how it should be 
applied. 
M. J. W. 


Atlanta, Ga. 
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Location of Idler Pulleys 


We have several old air compressors 
driven by 25- to 50-hp. motors through 
leather belts. The motors and com- 
pressors are mounted on a common 
foundation, the distance between the 
shafts ranging from 8 ft. to 12 ft. The 
compressors are equipped with an 
idler pulley. In one case the idler is 
about the middle of the belt and in the 
other drives it is about two thirds of 
the distance between the compressor 
and motor, being closer to the motor. 
The compressors are running at full 
load or more and the belts are giving 
trouble from slippage and wear. In- 
creasing the weight of the idler does 
not help much and I think the idlers 
should be placed closer to the motor 
pulleys, but do not know how much 
closer to place them. Is there any 
formula or rule that I can use to locate 
these idlers the proper distance from 
the motor pulley. 
1 heen 


Cincinnati, Ohio. 


—__—_g—_—__ 


What Is Safe Temperature for 
Spray Booth Lamps? 


We recently adopted lacquer finish for 
coating some parts which had formerly 
been sprayed with color varnish. I 
gathered all the information I could 
on the subject in order to make the 
spray booths as safe as possible. Every 
precaution has been taken to make 
them safe but I am not satisfied with 
our lighting system. We have ap- 
proved inclosed lights in the spray 
booth but the temperature of the fix- 
tures runs up as high as 240 deg. F., 
which is approximately 100 deg. above 
the point at which lacquer begins to 
disintegrate. We have experienced no 
difficulty up to the present time. I 
even experimented putting both liquid 
and powdered lacquer on these hot 
spots without producing a fire. How- 
ever, I would like to hear from others 
who have had more experience as to 
whether or not such temperatures are 
safe and if not, what is being done to 
eliminate the hazard. 

Kalamazoo, Mich. C. 3S, 
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ANSWERS Received to Questions Asked 





Sealing Plastered Walls 
Against Moisture 


Moisture that seems to come 
through the brick veneer walls of 
our office building during heavy 
rains makes it impossible to keep 
paint on the plaster finish of both 
the first and second stories. The 
paint peels off and in places, par- 
ticularly around fine cracks, a white 
crust forms that can be brushed 
off, but soon appears again. The 
building is about four years old and 
I do not know how it is constructed, 
but it would seem that the walls 
were not properly sheeted or water- 
proofed. Is there any paint or 
similar coating that can be put on 
the plaster to seal it against mois- 
ture, so that ordinary flat wall 
paints will adhere without peeling 
or discoloring? as 2s 
Long Island City, N. Y. 


OISTURE coming through the 
M brick veneer walls of B. J. F.’s 

office building during heavy 
rains, making it impossible to keep the 
paint on the plaster finish, is due di- 
rectly to the porosity of the brick. The 
white crust which forms and can be 
brushed off is probably magnesium 
sulphate. 

One of the most satisfactory and 
economical ways of permanently cor- 
recting this trouble is to clean off the 
plaster from the interior brick sur- 
face and apply a thick coating of emul- 
sified asphalt which contains no oils, 
solvents or adulterants. Emulsified 
asphalt is absorbed into the brick sur- 
face and when set will thoroughly 
waterproof it against the infiltration of 
moisture. 

Over this surface any decorative 
plaster coating can be troweled with- 
out the necessity of extensive furring 
or lathing. 

Care must be exercised to select for 
the above use only a product which is 
non-reemulsifying. A non-reemulsify- 
ing asphalt emulsion is immune to the 
action of acid and alkaline substances. 


Engineer, H. V. SMYTHE. 
The Asphalt Products Company, Inc., 
Syracuse, N. Y. 


AY I suggest to B. J. F. that 
M he try the following method of 

waterproofing the office walls, 
which I have used with excellent re- 
sults on concrete walls: 

Take 1 gal. of water and 1 Ib. of 
yellow laundry soap. Use what is com- 
monly called “olene” soap; do not use 
any soap containing naphtha. Cut the 
soap in pieces and dissolve in the 
water, boiling until a light paste or 
soft soap is produced. Apply three 
coats to the outside walls, using a broad 
flat brush; brush in one direction only, 
as far as possible; do not cross brush 
marks or brush too rapidly; otherwise 
bubbles will be formed. Allow several 
hours for each coat to dry. 

Then boil 1 Ib. of alum in 1 gal. of 
water until dissolved and allow to cool. 
Apply in the same manner, allowing 
each coat to dry before applying the 
next. 


584 


The application of this mixture 
renders stone, concrete or brickwork 
impervious to moisture. The brush 
used for applying these materials will 
become as hard as stone if allowed to 
dry without washing. 

Philadelphia, Pa. R. H. Kasper. 
Seen connie” 


Measuring Three-Phase 


Power 


Our plant has recently been changed 
from two-phase to_ three-phase 
operation and a puzzling question 
has come up on the measurement of 
three-phase power. For example, 
on a three-phase, 550-volt feeder 
panel, a through-type current trans- 
former is used on one leg of the 
outgoing circuit. The ammeter 
reading represents the current in 
this leg of the balanced three-phase 
circuit. The power factor of this 
circuit is 80 per cent. According 
to the handbooks, voltage times 
amperes per leg times power factor 
times 1.732 equals the watts in the 
circuit. On another panel the 
ammeter is cut in on the common 
return from the two current ele- 
ments of a polyphase wattmeter. In 
one case, then, the current passing 
through the ammeter is a certain 
fraction of the current flowing in 
one phase of the three-phase circuit, 
wherein the other case the current 
flowing in the ammeter is the com- 
bined current of the two current 
elements of the three-phase watt- 
meter. I should like to know 
whether the formula mentioned 
above should be used in both cases. 
If so, why? B. wz. 
Auburn, Maine 


N:reply to B. C. A., alternating cur- 
rents are interesting, and often- 
times are puzzling. Your method 

of calculating three-phase power is 
correct and the instruments are also 
connected properly, although other ar- 
rangements might have been used. The 
ammeter in the common return to the 
two current coils of the wattmeter will 
indicate the current in feeder B, even 
though there is no current transformer 
in this feeder. The accompanying 
sketch shows how to connect three 
ammeters to two transformers so that 
each ammeter will indicate the current 
for its respective feeder. 

In support of the above statements, 
assume the extreme conditions, of 
which one is a single-phase load or 
circuit AC, the other consisting only of 
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Connections for measuring three- 


phase power with two current trans- 
formers and three ammeters. In the 
problem presented, A! and C! may be 
regarded as representing the current 
coils in the three-phase wattmeter. 


the first case the current transformer 
secondaries are in phase with each 
other and there is a series circuit 
through ammeters A’ and C* with no 
potential difference to send any current 
through B* which reads zero, thus cor- 
responding to zero current in feeder B. 

Another extreme condition might be 
a single-phase load between AB in 
which the current transformer on 
feeder A_ sends identical currents 
through A’ and B* which exactly cor- 
responds to the identical current in the 
associated feeders. There is no cur- 
rent supposed to be flowing in feeder 
C and therefore ammeter C’* also reads 
zero. This same reasoning applies to 
any type of load you may ever en- 
counter. On a balanced three-phase 
load the currents through A’ and C’ 
are 120 deg. out of phase with each 
other; consequently their vector sum 
through B* is identical with either A’ 
or C’; thus all ammeters in the circuit 
read alike. 

You also mention a circuit at 80 per 
cent power factor, which may be true 
at certain intervals, but is rather un- 
usual if it remains constant. The 
nameplate of an alternator may be 
stamped “80 per cent power factor” 
but the alternator itself has nothing to 
do with the power factor of the load 
circuit. The type of load determines 
the power factor, which usually varies 
between 50 per cent and 100 per cent 
and is constantly changing. The power 
factor rating of an alternator merely 
means that the machine will deliver its 
rated kilovolt-amperes at its rated volt- 
age without overheating the field coils. 

At low power factors the field 
strength must be increased on account 
of the demagnetizing action of the 
armature currents, which increases on 
heavy loads and at low power factors. 
Therefore, the power companies desire 
a customer’s load to consist of equip- 
ment with as high factor as possible; 
otherwise extra generating equipment 
must be installed even though each 
machine is not furnishing its rated 


kilovolt-amperes. 
Eart R. WItTZEL. 


Research Department, 
The Kohler Company, 
Kohler, Wis. 


HE question by B. C. A., if I un- 

derstand it correctly, seems to 

involve a question of fundamen- 
tals in the relation of the currents in 
the three conductors or legs of a three- 
phase circuit. Assuming, as in the 
case described, that the circuit con- 
sidered is exactly balanced, an amme- 
ter inserted in any one of the three 
legs will show the current flowing in 
that leg, which, of course, will be the 
same for each leg in a balanced cir- 
cuit. The foregoing statement is prac- 
tically true of the circuit supplying 
three-phase, squirrel-cage induction 
motors. 
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Without going into detail involving 
mathematical demonstration, it can be 
stated that the three currents in the 
legs of any three-phase circuit are so 
related that there is an angle of 120 
deg. between them. It can also be 
stated that any one leg is at any in- 
stant the return circuit for the other 
two legs; in other words, the sum of 
‘he two currents is equal to the third, 
taking into account the fundamental 
angular relation. As it is expressed 
in text books, the algebraic sum of the 
three currents in a three-phase circuit 
is equal to zero. 

Referring to the diagram, OA,, OB,, 
and OC,, which are laid out 120 deg. 
apart, represent the three currents in a 
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Relation of currents in legs of a 
balanced three-phase circuit. 
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balanced three-phase circuit; OA, be- 
ing equal to OB,, OB,, being equal to 
OC,, and OC, being equal to OA,. The 
questioner can do this himself to prove 
the results as hereafter outlined by 
choosing the lengths of OA,, OB, and 
OC, on any convenient scale, say 10 
amp. per inch. 

Take, for example, the combination 
or resultant of OB, and OC,. From 
point A, draw a line parallel to OC, 
and from point C, a line parallel to 
OA, which will intersect at point B.,. 
Scaling length OB, it will be found 
equal to length OB, or, as stated pre- 
viously, the sum of the two currents of 
a balanced three-phase circuit is equal 
to the current in the remaining leg. 

Taking the case under consideration, 
the matter could readily be cleared up 
if the ammeter could be cut into each 
leg without the use of a current trans- 
former. The current transformer, 
however, is necessary usually on ac- 
count of the high value of the line 
current and to keep the circuit voltage 
out of the instrument. Practically, 


however, what goes on in the line leg 
is exactly reflected in the secondary 


or meter circuit, and on an ungrounded 
system only two current transformers 
are necessary for a wattmeter, and the 
common lead of the two current trans- 
formers will show the same current as 
in the leads to the other two instru- 
ment terminals which come directly 
from the current transformers. 

The current transformers may be 
placed in any two legs provided the 
voltage coils of the wattmeter are con- 
nected between the legs having the cur- 
rent transformers in them and the leg 
having no current transformer. 

To sum up the matter, the same 
formula applies in either case whether 
the current is obtained directly from 
the secondary of a current transformer 
alone or from the common lead of the 
polyphase wattmeter, provided only 
that the circuit is balanced. 


C. O. von DANNENBERG. 
New York, N. Y. 


—_—_—_—_____ 


Method of Cleaning 


Busbars 


The busbars behind all of our 
switchboards are stained and marked, 
and we would like to clean them, 
but can not shut down long enough 
to do a good job. Sometime ago we 
heard of a paint that was said to 
be a copper-colored lacquer, but we 
do not know what the name of it is. 
We will be grateful for suggestions 
from readers as to the best way of 
cleaning these busbars, many of 
which are in such close quarters 
that cleaning by hand, with emery 
paper, is impracticable. 

Jersey City, N. J Js. Ee ees 


N answer to J. E. R.’s question I 

would suggest that he purchase 

some carbon. tetrachloride, clean 
the busbars with a piece of cloth satu- 
rated with this liquid, and wipe off all 
foreign matter that has settled on the 
bars. He will find that nearly all of 
the foreign deposits will readily come 
off. Any hardened paint may be re- 
moved by using a paint remover and 
afterward washing the bars with the 
tetrachloride. For places that cannot 
be reached by the hand, I suggest that 
he use a piece of wood with a piece of 
cloth wrapped around it and saturated 
with the tetrachloride. 

The lacquer that J. E. R. mentioned 
is known as Hippo Permanent Pliable 
Oil No. 867, and may be obtained from 
The Protective Castings Corporation 
Company, Kenilworth, N. J. 

After all oil and other substances 
have been cleaned from the busbars, 
the Hippo oil may be applied with a 
2-in. brush, and allowed to dry 48 hours 
before applying the second coat; the 
same length of time should lapse be- 
fore applying the third coat. If the 
busbars are not exposed to corrosive 
substances such as acid, two coats 
should be sufficient and will last in- 
definitely, giving a very nice, bright 
finish. 

FREDERICK J. H. KRAUSE. 
Dallas, Tex. 
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Running Distribution Lines 
When Frequent Changes 
Are Necessary 


The seasonal nature of our product 
and continual enlargement of the 
plant necessitate frequent and 
radical changes in layout. Some- 
times whole departments are com- 
pletely changed or moved to another 
location. Many of our machines are 
individually driven, some of the 
motors being of 40-hp. rating. At 
present all of the power and light- 
ing lines are run in conduit, but the 
heavy cost of putting up and tear- 
ing down our conduit installations 
makes me wonder if anyone has 
devised a method or system of 
running power lines that permit 
changes in layout at low cost. I 
wish that readers who have to meet 
the problem of frequent changes 
would tell how they run their lines 
so that the cost of such moves can 
be kept down. RK. i. B. 
Grand Rapids, Mich. 


HE question asked by R. F. B. 

is of interest to us as we have 

been confronted by the same 
thing in the past. We adopted the fol- 
lowing method of meeting the situa- 
tion, and it has worked out very nicely, 
resulting in quite a saving in cost. 

For a permanent job, conduit might 
be preferred, although there are many 
objections to it, On the average con- 
duit job that has to be relocated, the 
pipe itself is about all that can be re- 
used. Plants operating on the higher 
voltages, say 550 volts, and running 
their main feeder lines in conduit and 
cabinets provide, from the workman’s 
point of view, a very dangerous hazard 
for fingers that are in so much of a 
hurry that they cannot go for fuse 
pullers, rubber gloves, and other pro- 
tective devices. 

However, we have found it very sat- 
isfactory to run a line of slow-burning 
stranded wire, put up with cleats and 
turn buckles, in each wing or on each 
floor of the building. Each branch 
line taken off is fused in a metal cabi- 
net within, say 20 ft. of the feeders, 
the branch line being run in conduit. 
When taps are to be made the work 
can be done very easily and safely. 

A main line, as described above, is 
easily put up and taken down and 
when it becomes necessary to take it 
down and relocate it, there is no ques- 
tion of salvage; it can be reused, prac- 
tically indefinitely. What few taps 
have been made on it can easily be 
taped with dry linen so that they are 
nearly unnoticeable. 

Smaller copper can be used on feeder 
lines put up in this manner, as better 
ventilation is afforded. 

Should a ground develop in some 
motor, it is more readily located than 
when the whole distribution system is 
run in one conduit system. 

The above statement expresses my 
views on this subject and I shall be in- 
terested to learn the viewpoints of 


others on it. 

Chief Electrician, 

W.°S. Libbey Company, ‘+: C: BARKER. 
Lewiston, Maine. 
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Idler Corrects Improper 
Belt Installation 


| peeing of space limitations belt 
driven equipment was _ installed 
some years ago in an ice plant with 
the belt driving from the top side. The 
machinery is compactly arranged and 
has been working satisfactorily for a 
number of years, but some time ago it 
became necessary to take up the slack 
in the main belt to keep it from drag- 
ging on the floor. Until this time it 
was not noticed that the belting plan 
was poor and that no provision had 
been made to take care of the slack, so 


AROUND 


E WoRKS 


Tus SECTION is especially devoted 
to short articles describing ideas 
and practical methods devised to 
meet particular operating condi- 
tions. The items may refer to 
mechanical details of installation, 
inspection, testing, wiring, repatr, 
maintenance, replacement, and 
emergency or unusual installations 
of equipment tributary to produc- 
tion. Special attention is given to 
shop or bench tools and short cuts 
or improved methods of handling 
work brought into the repair shop. 
Contributions from our readers are 
always welcome. 


* * * * 





General arrangement of machines and belting. 


it was necessary to install an over- 
sized idler to correct the condition. 
The installation of the idler was 
easily accomplished but it had to be 
placed on the floor where it is in the 
way, taking up valuable space and de- 
manding considerable attention. Had 
the engine been set in reversed posi- 
tion more room would have been re- 


fo nef 


quired and the belt would have pulled 
from the lower side, which would have 
been proper. As they are now the 
60-hp. Diesel engine in running in a 
clockwise direction drives over while 
the 18-ton ice machine is being driven 
under thereby allowing the slack side 
of the belt to come on the bottom 
of the drive. 





Emergency Methods of Bending Pipes and Tubes 


(pred ysiratigeeget it is necessary to 
bend large or small pipes when a 
regular bending machine is not avail- 
able. Then it is necessary to fall back 
on some of the methods that experience 
has shown are satisfactory for most 
purposes. 

To bend large pipes, fill them with 
dry sand and plug the ends. Then 
heat the places to be bent to a red 
heat, and bend. Be sure that the sand 
is dry. When only slight bends are 
to be made, it is often unnecessary to 
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use sand, as the object of the latter is 
simply to keep the sides of the pipe 
from collapsing, or to prevent reduc- 
tion of area. If wet sand is used and 
the ends are plugged, the latter may 
burst when heated, due to the steam 
pressure generated. 

Instead of sand, rosin may be used. 
There is, however, a right way, and 
possibly several wrong ways, of using 
rosin. An example of the wrong way 
was recently brought to my attention 
when a mechanic filled the pipe with 





rosin, plugged the ends, and heated 
the pipe at the place where he wanted 
to bend it. He watched for a red 
heat, just as he would have done had 
he filled the pipe with sand. The re- 
sult was a violent explosion. 

To use rosin correctly, pour it into 
the pipe and allow it to cool and harden. 
As soon as the rosin is hard, bend the 
pipe cold; do not heat it. After the 
pipe is bent, it should be heated ail 
over sufficiently to melt the rosin so 
that it can be poured out. 

Equally good results may be secured 
by using lead instead of rosin. I have 
been told that on cold days in the far 
North, workmen sometimes fill the pipe 
with water, let it freeze, and then 
bend it. This procedure sounds plaus- 
ible, but care would have to be exer- 
cised to avoid splitting the pipe, due 
to the expansion of water when it 


freezes. W. F. ScHapnorst. 
Newark, N. J. 


Se 


Bearing Currents Caused by 
Solenoid Shaft Oscillator 


” ecodgath oscillator using a solenoid 
was described some time ago in an 
issue of Industrial Engineering. A\l- 
though the principle of intermittently 
applying the pull of a solenoid to the 
end of the shaft should work admi- 
rably, care should be taken to avoid 
bearing currents that are likely to be 
set up with consequent damage to the 
bearings. 

Such currents are caused through a 
sort of homo-polar action. In Fig. 1 
the flux lines from the oscillator 
solenoid are shown, together with the 
circulating currents that will be caused 
by the flux cutting the revolving shaft. 
Rapid wear and bearing failure may 
easily be caused by such conditions. 

In Fig. 2, a more usual cause of bear- 
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‘Solenoid Bearing 


currents 


FIG. 1—Path of flux from oscillator 
solenoid, resulting in formation of 
bearing currents. 


Industrial Engineering—V ol.87, No. 11 


” 







: 
: 
4 
i 
‘ 





oo so w ss oS 2 fe Of = OS: 


foal 


| WRAY 











ing currents is illustrated. The series 
field connections are necessarily car- 
ried around the frame of the machine 
and thus may make a complete or 
partial turn around the shaft. With 
the large currents flowing an appreci- 
able magnetomotive force is created 
and fairly large fluxes may exist. 
Frequently a reverse turn has to be 
made in such end connections to avoid 
setting up magnetic circuits in the 
machine frame, even at the expense of 
additional copper. It is not unreason- 
able to assume a value of 1,500 ampere- 
turns for such forces and this is quite 
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FIG 2—Bearing currents may also 
be caused by flux set up by the series 
field connections. 
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within the possible values obtainable 
with an oscillator solenoid. 

When such an oscillator is used it 
would be advisable to surround the 
solenoid with a complete iron circuit 
and so arrange it that little leakage flux 
will pass through the shaft and bear- 
ings. Such a construction would also 
materially increase the pull of the 
solenoid for the same current. 


W. F. SuTHERLAND. 
Chief Designing Engineer, 
Toronto Hydro-Electric System, 
Toronto, Ont., Canada. 
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Wedge and Roller Prevent 
Wear and Tear on 
Oven Doors 


Wie and tear is to be expected 
with self-closing oven doors 
where they are opened by the move- 
ment of material suspended from an 
overhead conveyor system as it emerges 
from drying ovens unless precautions 
are taken beforehand to prevent it. 

No matter how slow the conveyor 
moves there will be abrasive action that 
will cut through the door material, 
which must be light enough to retain 
the oven heat and not too heavy to 
rctard the opening action by the 
conveyor. 

One plant, using trucks to transport 
semi-finished product through ovens in 
the production line, and which are sus- 
pended from an overhead conveyor 
traveling at a speed of 1 f.p.m., has 
adopted a wedge-and-roller combination 
for all drying oven doors. The applica- 
tion is shown in the ‘accompanying 
illustration. 
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The wedge-and-roller combination 
(fundamental mechanics) in a new 
role, that of keeping maintenance at 
a minimum. The end of the truck 
which is suspended on the Overhead 
Conveyor may be seen at the upper 
right. : 
ee 


Approaching the closed door from 
the inside, the first point of contact is 
near the hinge and unless some means 
are provided for sliding action at this 
point there is a possibility of the doors 
being torn off the hinges. Such will be 
the result where the door way is not 
much wider than the truck, as in 
this case. 

As it is, the wedge permits the truck 
to move the door slowly at first, taking 
the strain off the hinges. The speed of 
opening then increases as the point of 
contact moves along the wedge.’ When 
the truck has opened the door suf- 
ficiently by means of the wedge, the 


roller comes into service thereby pre- 
venting damage from protruding bolt 
heads. The roller contacts with the 
side frame of the truck, thus holding 
the door open a safe distance while the 
truck is emerging from the oven. 
Grooving the rollers further lessened 
wear where they came in contact with 
protruding bolts on the trucks. 


—tite 
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Stethoscope Test for 
Welded Joints 


Syme of the uncertainties in regard 
to the strength of welded joints and 
the craftsmanship of the welder may be 
rendered less perturbing to the skepti- 
cal engineer-designer if the test equip- 
ment reported upon at the recent 
Cleveland meeting of the American 
Welding Society meets present expecta- 
tions. The ordinary stethoscope of the 
physician—provided, however, with a 
gum-rubber tip to exclude extraneous 
sounds and give contact on an irregular 
surface, as well as to minimize damp- 
ing of oscillations—may be used for 
the investigation of welded joint 
strengths. If the point to be tested be 
struck with a small hammer, a sound 
is heard which is critical and shows the 
character of the material at the point 
struck. Preliminary tests establish the 
characteristic sounds for each structure. 


ee ee 
Use of Speed Reducer and Belt Drive for Paper Machine 


A UNIQUE combination of speed 
reduction units and belt drive was 
recently installed on a paper machine 
in the plant of the Alton Box Board 
Paper Company, Alton, Ill. There are 
eleven sections of this machine and the 
necessary speed reduction for each sec- 
tion is obtained through a standard 
worm gear reduction unit. These re- 


duction units are all driven from a long 
lineshaft that runs the full length of 
the paper machine, on the floor below. 
The bearing pedestals supporting the 
shaft of the driving pulley, and the re- 
duction units, are mounted on a com- 
mon bedplate, as shown in the accom- 


panying illustration. A magnetic clutch 
connects the high-speed shaft of the 
reduction unit to the shaft of the driv- 
ing pulley. 

The power requirements of the dif- 
ferent sections of the paper machine 
vary considerably, ranging from 25 to 
80 hp. The heaviest continuous load 
is carried by the couch drive, whereas 
the drives for the calendar stacks are 
subjected to shock loads of consider- 
able intensity. However, there is a 
certain amount of flexibility in these 
drives that enables them to handle such 
loads without difficulty and no trouble 
has been experienced with them. 





Each of the eleven sections of this paper machine is operated through a 
worm gear reduction unit that is driven by belt from a line shaft on the 
floor below. The reduction units are connected to the driving pulley 


through a magnetic cut. 








Pointers on the Care of Wire 
Rope Cables 


LEVATOR and crane cables re- 

quire very close attention if 
maintenance costs are to be reduced to 
the minimum. Usually the condition 
of the cables is a matter bearing on 
the safety of human life, and where 
life is involved costs become of sec- 
ondary importance. However, even in 
this type of maintenance there is an 
economical ground. 

The principal thing that brings about 
the discarding of a cable is the break- 
ing of wires. However, a point that is 
not very clear in the minds of a good 
many maintenance men is: How many 
wires may be allowed to part before 
replacement of the cable is necessary ? 

Take, for example, a seven-strand 
cable having nineteen wires per strand. 
Assume the ultimate strength of the 
cable to be 9,000 Ib., the cable being 
YZ in. in diameter. Then the working 
strength, using a factor of safety of 





six, would be 1,500 lb. The above is 
based on the simple formula: Safe 
Working Load = 600 C*. On this basis 
the ultimate strength of each strand is 
1,285 pounds. 

It might be argued that the ultimate 
strength of this cable may be reduced 
to almost that of the safe working load 
before discarding it. If this were the 
case five strands could be broken and 
all but four wires of the sixth strand 
broken before replacement would be 
necessary. However, the factor of 
safety is used to take care of shock, 
so that it would be extremely hazardous 
to allow the cable to continue in use 
under such conditions. 

Ordinarily, the ultimate strength of 
each strand should not be reduced more 
than 10 per cent before replacement, 
so that two wires broken in each strand 
would warrant replacement. 

Cables do not, however, seem to re- 
spect our wishes, and more often wire 
after wire in certain strands breaks so 
that we must have some other index 
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Emergency Sources of Low Voltage for Testing 


REQUENTLY the plant electrician 

finds that he requires a source of 
low voltage for testing purposes. Many 
plants, particularly small ones, have no 
equipment for this purpose and as a 
general rule would not have occasion 
to use low voltage except at rare in- 
tervals. However, standard equipment 
such as is usually to be found in the 
spare parts stock can oftentimes be 
used as a source of low voltage. 

Probably the most common piece of 
apparatus is the ordinary compensator. 
The auto-transformers of these devices 
can be used to furnish several voltages, 
lower than the line voltage, by select- 
ing the proper taps. Likewise, a bank 
of grid resistors, such as are used for 
slipring motors, can be connected across 
the line and reduced voltage secured 
at various points on the grids. 

Even an induction motor can be used 
as an auto-transformer providing one 
is careful not to draw too heavy a cur- 
rent from the windings and thus over- 
heat them. Low voltage can be ob- 
tained from this source as shown in 
the illustration. At A is shown, a 
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A 4-Pole Motor 





three-phase, four-pole, 110-volt, squir- 
rel-cage motor energized at full volt- 
age. From line wire A to X one can 
obtain 27 volts and from A to Y, 
55 volts. 

A three-phase, six-pole, 110-volt, 
squirrel-cage motor, such as shown at 
B, will allow the following voltages to 
be obtained: 

From A to D—19 volts 
From A to E—37 volts 
From A to F—S55 volts 
From A to G—75 volts 
From A to H—90 volts 


For low-voltage direct current one 
can nearly always secure an automobile 
battery or two. Or use can be made 
of an ordinary d.c. generator or ex- 
citer with enough resistance cut into 
the field rheostat to reduce the voltage 
to the desired potential. 

A competent man is seldom at a loss 
to secure low voltage for test purposes 
even in a small, isolated plant, but the 
above suggestions may come in handy 
in case of emergency. 

Cold Spring, Minn. CHAS. A. PETERSON. 
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B 6-Pole Motor 


Method of obtaining low voltages from A, a four-pole and, 


B, a six-pole squirrel- 





cage induction motor. 
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that will indicate when to discard the 
cable. This index is: 25 per cent of 
the wires broken in 50 per cent of the 
strands will require replacement of the 
cable. In other words, five wires 
broken in each of four strands would 
spell replacement, as it would mean a 
25 per cent reduction in the ultimate 
strength of the cable. 

A cable wears more from being loose 
than from any other cause. When 
loose on the drum, due to bottoming of 
the bucket, magnet, car or counter- 
weights, considerable friction and, 
therefore, considerable wear, results 
when the load is picked up again. A 
cable that is kept taut will generally 
last longer. 

Lubrication of the cable is a matter 
that often receives scant attention. On 
the other hand, when some maintenance 
men find out that a cable should he 
lubricated they carry this to the ex- 
treme. Briefly, a cable should be given 
a light coat of steam cylinder oil once 
every six months. In general, this is 
ample lubrication for elevator cables in 
industrial plants. 
Waterloo, Iowa. 


H. C. CHARLEs. 
——< 


Replacing Endless Belts 


N certain machines having a short- 
center drive, we use endless belts 
of the V-type. There are eight of these 
belts on each machine, fitting into cor- 
responding grooves in the two pulleys. 
As this type of belt can only be made 
endless, and as the pulleys are not on 
the end of the shaft, it is necessary to 
remove several bearings and a line of 
shafting in order to replace the belts. 
The average life of a set of belts is 
from three to four months, and the 
time required to make the change is 
approximately five hours for two men. 
Thus the yearly loss from this cause 
amounts to a considerable sum where 
there are a number of machines. Here- 
tofore, the practice had been to run a 
group of belts to destruction. In other 
words, if one or two belts failed, the 
machine was kept running until the re- 
mainder of the belts allowed excessive 
slippage. It is true that when the num- 
ber of belts was reduced, the belts re- 
maining were operating under an 
increased load, but it was considered 
more economical to replace the entire 
set of belts at one time than to dis- 
mantle a machine at more frequent in- 
tervals for the replacement of one be!t. 
In order to reduce the cost of belt 
replacement, the following method is 
now pursued: When a new set of belts 
is installed, an extra set is placed over 
the shafts. These extra belts are 
bunched together, wrapped with paper, 
and tied to a stationary part of the ma- 
chine, so that they will not touch any 
revolving part. Now, when a belt 
breaks, it is a small matter to replace 
it with one of the extra belts, and it is 
unnecessary to dismantle any part oi 
the machine—From American Ma- 
raps By R. H. Kasper 


Master Mechanic, Steel Heddle 
Manufacturing Company 
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Are You Ready for the Question ? 


A forum for the discussion of subjects in plant engineering 





Here is the fifth of a series of ques- 
tions, each of which has at least two 
sides. A new question will be presented 
next month, and our readers’ answers to 
this month’s question also will be pub- 
| lished. Write down your opinions and 
send them to the editor. Incidentally, 
answers published will be paid for at an 
attractive rate. 











WHO SHALL DO 
THE OILING? 


In their September appearance Frank Fulleger 
and George Shipman talked about “Who Shall 
Do the Welding?” Before that they were decid- 
ing “Who Shall Do the Cleaning?” In this issue 
they introduce another of the “Who Shall Do?” 
series—and they have brought up an extremely 
important subject, “Who Shall Do the Oiling?”’ 

It’s Sunday afternoon, and Frank and George 
are walking, in spite of a seriously threatening 
sky. Contrary to generally accepted rules on good 
form they are talking shop. Good form or bad 
orm, who ever saw two dyed-in-the-wool shop 
men get together, Sunday or otherwise, without 
ialking shop? 

oh ae 


“I read the other day about men wearing white 
clothes in a steel mill, George,” said Frank, and 
continued, “‘but I’ll bet the oiling gang doesn’t.” 


“Don’t be too sure of that, Frank. You know 
methods of lubricating aren’t what they used to 
be. A few years ago it was expected that some- 





body would climb all around overhead with a 
long-spouted oil can about every other day and 
set everything to dripping and maybe he or some- 
body else would do some risky climbing over the 
bigger machines, with or without a ladder, and 
slosh around some more oil there. But with anti- 
friction bearings in power transmission equipment, 
with inclosed chain drives, inclosed speed re- 
ducers, force-feed lubricators, high-pressure and 
centralized systems—”’ 


“True enough, true enough,” interrupted 
Frank, ‘“‘and I’ll concede the white pants if you 
want. The lubricating job is away ahead of what 
it used to be. But who should do the job? That’s 
what I want to get at—have all these changes in 
equipment and methods changed the old oiling 
job into something else?” 


“Boy, you’ve raised a good question. But there 
comes the rain, and not a house anywhere near. 
Let’s go!” 

tk * x 

Rain has interrupted this party just as it was 
getting interesting. If only Frank and George 
hadn’t put in so much time getting started. But 
then, they give Industrial Engineering’s readers 
just so much more opportunity to finish the job. 
Let the editor have your discussions within the 
next three weeks. 


Who should lubricate transmission equipment? 
Production equipment? A lubricating gang, or 
the equipment operators, or both? 


The importance of lubrication is unquestion- 
able. How is lubricating equipment affecting the 
“oiler’s” job? 


If there is a lubricating gang, who should have 
charge? 


(Discussions of preceding questions begin on the following page) 


” 
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Who Shall Do the Welding? 


(Question Presented in the September Issue) 


tb here necessity for and usefulness of a welding out- 
fit in a factory varies with the industrial process 
or product. In connection with maintenance and con- 
struction work in the factory, power plant, shop, mill, 
etc., the acetylene or electric welding outfit is a valu- 
able tool. 

Factories which do or should have a welding and 
cutting outfit as a part of the shop equipment are 
numerous. Jobs which are just too large or unusual 
for these plants are handled by the contract shops. 

Factories which occasionally have something to weld 
or cut but have neither the volume of work nor the 
proper personnel to handle a welding outfit are most 
numerous of all and these, with garages, etc., are 
what make the contract shop possible and necessary. 

There are undoubtedly many plants in the second 
and third classes which are on the verge of rising to 
the first class and either investing in a welding and 
cutting outfit or employing one or more full time 
welders. 

The writer believes that the guide to when either of 
these steps should be taken is not to be found in the 
cost of the welding work which the particular plant 
has to do at the moment. It is to be found by com- 
puting the savings which can be affected by either doing 
work which up to the moment is being done by other 
means such as saws, machines, blacksmiths, etc., or 
by relieving various mill mechanics of the welding 
they have been doing and consolidating it all under 
one welder. 

Savings of this kind are difficult to calculate, but 
are apparent to the experienced plant engineer or 
master mechanic, though he may have some difficulty 
in getting the works manager to see them. 

A welding outfit may, under some conditions, re- 
place one or two mechanics of a maintenance gang or, 
of equal economic significance, may save employing 
one or two additional men by changing the methods 
employed to do some kinds of work. 

Because of my use of welding equipment, both acety- 
lene and electric, in several industries in plant engi- 
neering work I am convinced of the savings which 
are being affected. It is not unusual to purchase a 
welding equipment with definite uses for it in mind 
and later find a literal multitude of uses which were 
not foreseen. 

It has been well demonstrated that time and tools 
are saved in cutting, and that long riveting and solder- 
ing jobs are shortened and usually done better by the 
use of welding. In connection with pipe work almost 
unbelievable savings can be made, for not only can 
the cost of expensive fittings be saved but much erec- 
tion labor and many tools can be eliminated. 


Readers’ answers to previous questions 


After a welding outfit has been installed it will 
usually be found that many machine parts can be sal- 
vaged at low cost and the life of the entire machiue 
prolonged by so doing. For example: A shaft may 
be badly worn or scored at a bearing; it can be built 
up by the addition of metal to the worn part and 
turned to its original diameter for use in a new or 
repaired bearing. Holes in frames, levers, or rods, 
which have worn badly and no longer provide good 
bearings or pin fits, can be filled wholly or partially 
with brass or bronze and rebored to the desired size, 
the hole then being the equivalent of one that has been 
bushed but better in that the “deposited bushing” will 
never work loose. 

Repair work of various kinds often saves the losses 
resultant from long shutdowns of machines on pro- 
duction. Replacement parts are not always on hand 
in the factory or in the maker’s stock. For repair or 
salvage work of this kind, where the purchase of new 
parts is saved, the contract shop usually makes it a 
point to charge about one-half what a new part would 
cost, especially if the job is large. And here the fac- 


tory with its own men and equipment on the job can 


save the difference again. One such job of medium 
size may easily pay for the welding equipment. 

With the excellent installation and instruction service 
which is given by all welding equipment companies it 
is possible for the medium-sized plant to show attrac- 
tive savings by the use of a welding outfit in the hands 
of its regular mechanical force—however small the 
latter may be—provided there is a job or two to do 
now and then. ; 

Too many factory executives are likely to shy at 
the proposal of the maintenance department to do its 
own welding. They look upon the work as highly 
specialized. A welding outfit should be looked upon 
as just another tool or machine for the shop or fac- 
tory equipment. It may be used safely and eco- 
nomically by any mechanic after a little instruction. It 
is no different than any other machine or machine tool 
which may be purchased, except that it is much 
more utilitarian than most machines and usually will 
cost less. 

The contract shop has its field, which covers welding 
in the broadest sense. With welding and cutting equip- 
ment in factories the contract shop in the end has its 
sources of income increased, because more people be- 
come familiar with the possibilities of welding. The 
contract or job shop is sure to get the larger or moze 
specialized jobs which the factory men cannot handle. 

On the other hand the factory, yard, mill, construc- 
tor, demolition concern, junk yard or garage can make 
untold savings with a welding equipment because new 
uses are found for the process. Work is done which 
it was not convenient to send out or because the out- 
side welding cost made it prohibitive. Also, when the 
mechanics get out of the rut of the old way of doing 
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things they find it a novel experience to be able to do 
them as well, better, or easier with the torch or arc. 

With respect to welding in the factory or by con- 
tractor, I am 


i. For welding in the factory when it can best be 
done there. ; 


2. For welding by contract when it can best be done 
by the contract shop. 


For making savings and reducing waste for indus- 
try by intelligent combination of the private and 
contract equipment to do whatever may be 
demanded. ; 
P. E. Winpte, Plant Engineer 

Wilbur-Suchard Chocolate Company, Inc. 
Philadelphia, Pa. 


[? depends on the size of the plant and its activities 

whether or not welding should be carried on in the 
plant or sent out. Any plant using machinery will 
need welding done, now and then, in the course of 
repair work, but if no manufacturing is carried on 
requiring welding it will not be wise for the smaller 
plant to invest in a welding outfit. 

To equip a welding shop means a considerable out- 
lay of money, also retaining an expert operator. He 
is usually a high-priced man and the small manufac- 
turer may find it inconvenient to keep him employed 
when there is no welding to do. 

If manufacturing is carried on that will keep a 
welder busy at least half of his time the other half of 
his time can usually be occupied with repair work. In 
this case I have found it highly profitable to invest 
in a welding outfit and an experienced operator. 

I also find that we save a great deal of time on 
repair work by having our own welder. For instance, 
the crankshaft of an important machine breaks and 
cannot be replaced locally but can be welded. With 
our own outfit we can start at once, be it night or day, 
and have the machine in operation again in the short- 
est possible time, whereas if we had to send the work 
out we should wait perhaps several days to have it 
finished. 

I do not think that part of the welding work should 
be sent out to contract shops and part welded at home 
unless the capacity of the plant’s welding equipment 
has been reached, thereby making it impossible to meet 
delivery dates. 

The welding operator must be trained, not only to 
operate the equipment, but to care for his health and 
to safeguard himself and others from burns and in- 
jury. This training is usually started by the manufac- 
turers of welding equipment or at welding schools and 
is followed up by the safety committee of the plant. 
Experience must be gained by beginning with the sim- 
plest class of work and gradually taking up the more 
complex jobs. For a small plant to develop its operator 
by this method requires that the more complex work 
be sent out until he gradually gains the experience and 
confidence to do all jobs. 

M. Peterson, Plant Department 
Western Electric Company 
Emeryville, Calif. 


W ho Shall Do the Cleaning? 


(Question Presenied in the August Issue) 


I FORMERLY received complaints from the heads 

of departments about dirt made by my men. I 
issued instructions to the men about cleaning up around 
all repair jobs. Since putting these rules into force I 
have not heard a single complaint about dirt; nor have 





INSTRUCTIONS FOR ELECTRICAL CREW 


As you probably know, there is close competition in the paper industry 
today. The mille that are running six days per week are those that are able 
to make the best paper, at the lowest cost. We should be particularly in- 
terested in this mill runnirg six days per week, if for no other reason than 
that our jobs depend on it. 


The paper makers are working hard to mke a clean sheet of paper. 
It is up to us to co-operate with them in every way possible in the fighting 
of dirte 


These suggestions are being mde to guide you ir your work, and to 
try to show you the necessity of being careful with dirt at all tines. 


When skinning the insulation off of wires and cebles in the finish- 
ing room or machine room, be careful that none of it drops into broke boxes, 
or screens on the machines. When the work is completed, clean up all dirt 
‘that you have mde and put it in dirt oans, provided for that purpose. This 
also applies to the beater room, book stock, bleach, etce 


Watch out for stock tanks, spouts, etc., that no dirt finds its 
wey into them. 


When it is necessary to drill holes through walls or floors near 
the mohines, beaters, stock chests, eto., take particular care to see that no 
dirt is left in such position that it will find its way into the stock systene 


When replacing lamps, take the cartons along with you to the dirt 
cans provided for this purpose. Do not let then lie around any place. 
Under no circumstances put then in broke boxes or any other place where they 
will have a chance to get into the stock system. 


Remember that a few scraps of tape or wire insulation getting into 
the stock system might be the cause of the rejection of a considerable amount 
of paper. Or worse yet, lose the customer. Be careful, pick it up before 
leaving the work. 











I missed the time required to do the cleaning. I am 
inclosing a copy of these instructions. 
Marin Puiuies, Electrical Superintendent 


International Paper Company, Niagara Falls, N. Y. 


T is ‘difficult to define a general policy as to who 

shall do the cleaning without going into details of 
shop practice. It is the first function of the super- 
intendent of the small plant, the foreman of the 
larger shops, the foremen, departmental heads and 
plant managers of the largest institutions to get out 
production. But to get out production an accumula- 
tion of litter naturally follows. Should the cleaning 
be done by each department, or by a general plant 
cleaning crew? The size of the plant or the number 
of employees in no wise answers the question. 

I have in mind a plant that manufactures tile for 
floors and walls. There are 75 large kilns. Coal is 
wheeled in over considerable floor space. Tile are 
placed in saggers in a certain position for burning and 
trucked for considerable distance. Care and a clean 
floor are necessary so that the tile do not jostle out of 
position. There is a vast accumulation of scattered 
coal, burned bits of clay, as well as broken tile and 
saggers. The cleaning necessarily goes on all the time. 
This is a good example of where a cleaning crew 
would be of value to a plant. But is it not the 
exception? 

In most departments, one man a few hours a day 
can do the cleaning. Maybe a half day twice a week 
will keep conditions creditably clean. Of course to 


every foreman production is the thing. But he likes 
his shop tidy, not only to satisfy his own pride, but 
that of his boss. It enhances their safety and reduces 
fire hazard. He usually has some helpers not always 
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busy, or men who have spent years in the service and 
unfitted for the “grind,” who can be assigned to this 
work. This may not be the height of efficiency, but 
after all many of the shops are largely human. People 
naturally like to work in clean places and consequently 
do better work. 

It is not good policy to divert the skilled labor to 
clean-up work, but many in the production line-up will 
do the work if necessary and especially if produc- 
tion is low. 

Frank surely has not all skilled labor. It would seem 
that he must have helpers and unskilled labor that 
could be assigned to the job and assist in production 
work as well as the cleaning. 

Of course if it is necessary for Frank to have a 
special clean-up order for every job in the absence of 
one he should not be criticized for leaving the job in 
a mess. But such a policy does not sound good. 

It seems that Frank will have considerable trouble 
in unscrambling that particular egg he has already 
scrambled. 

GeorceE S. BittMAN, Asst. Chief Engineer 
Nicholson File Company, Arcade Works 
Anderson, Ind. 


SSUME that the plant in question is large enough 
to keep a general cleaning crew busy at all times. 
A few of the points in favor of a general cleaning 
crew are: 
1. The work is done systematically, thereby insur- 
ing a cleaner plant. 
2. The work can be assigned as follows: 


(A) Window washing. 
(B) Lavatory cleaning and disinfecting. 
(C) General sweeping of floors, and so on. 


1f the work is planned in this manner, each man can 
be held responsible for the condition of whatever part 
he is assigned to, and the supervisor will not have a 
difficult task in checking the work done. 

In the absence of a regular cleaning gang, the main- 
tenance group should certainly clean up after an over- 
hauling job. When the workman knows he must not 
leave any dirt behind after finishing a job, he is a 
better workman. He will make the least dirt possible, 
and with this training becomes an efficient worker. 

I recommend that, even if there is a regular clean- 
up gang, all mechanics doing overhauling work be in- 
structed to clean up after a job for the sake of safety. 

If either skilled or production workers have to do 
clean-up work, how does it affect their feeling toward 
their jobs? Any conscientious skilled worker thinks 
nothing of cleaning up after his repairs, overhauling, 
etc., are done. 

The production worker should feel likewise, insofar 
as the cleanliness of his or her machine or bench is 
concerned, because it is not natural for the average 
human being to want to work in a place surrounded 
with rubbish of any kind. 

In answering the foregoing question, I do not expect 
that a skilled mechanic or a good production hand is 
going to be put to work for any certain number of 
hours per day on general clean-up work. 


Centralization of the cleaning crew is the right idea 
and can be done by systematizing the general cleaning 
which has to be done in any plant and assigning men 
to certain duties. In other words, plant cleaning can 
be considered in percentage, as 90 per cent to be done 
by centralized regular cleaning crew and 10 per cent to 
be taken care of by mechanics and machine operators 
or production workers. 

J. C. Looser, Maintenance Engineer 
Scovill Manufacturing Company 
Waterbury, Conn. 


—_g>———_ 


Should the Plant Engineering Dept. 
Have the Right to Question Orders? 


(Question Presented in the July Issue) 


T HERE are in all manufacturing plants two depart- 
ments actively concerned with the moving and 
relocating of machinery namely, production and 
maintenance. Both departments naturally come under 
the direct supervision of the superintendent or works 
manager, although in some plants the production super- 
intendent and the plant engineer occupy positions of 
equality and come under the supervision of the works 
manager. 

_ The location of machinery is determined by the pro- 
duction department heads, or in some cases a machin- 
ery layout is developed by the planning department 
and this layout is submitted to the production depart- 
ment for approval, at which time all interested heads, 
including the plant engineer, are taken.into conference 
relative to the proposed layout. These conferences 
develop all necessary discussion with regard to the 
proper arrangement of the machinery and give the 
plant engineer opportunity for the expression of any 
opinions he may have. 

It is my opinion, after several years’ experience, 
that the production department heads should be given 
the right of way with regard to the layout of any and 
all production equipment, and that the duty of a plant 
engineer is to locate that equipment exactly as decided 
by the production department if practicable, otherwise 
offering objections. 

A plant engineer must keep in mind such things as 
the carrying capacity of building floors and elevator 
capacity. Conditions vary according to the nature of 
the product. The volume of water, amount of electric 
current, or amount of steam required have their influ- 
ence. Some plants have elaborate electrical plating 
plants which should be located where good ventilation 
can be had, and where ample drainage is available, 
together with an ample supply of water for steam. 
Large polishing, buffing and grinding departments re- 
quire especial consideration with a view to exhaust 
ventilation. Galvanizing plants call for special 
consideration. 

H. W. Benton, Plant Engineer 

Pratt & Whitney Company 

Member Board of Advisory Engineers 
Power Transmission Association 
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NEW EQUIPMENT 


For Plant Operation and Maintenance 





Industrial plant executives concerned with the selection and 
operation of mechanical and electrical equipment will be in- 
terested in these new devices which are designed to improve 
plant operation or reduce operating and maintenance costs. 


Biddle “Bridge-Meg”’ 
Resistance Tester 


JOR measuring resistance from 0.01 
ohm up to 100 megohms (100,000,- 
000 ohms), James G. Biddle, 1211 Arch 
Street, Philadelphia, Pa., is offering a 
Megger instrument called the “Bridge- 
Meg” Resistance Tester. This instru- 
ment combines in one unit facilities for 
making Wheatstone Bridge measure- 
ments of conductor resistance at 250 
volts, and also Megger tests of insula- 
tion resistance at 500 volts. It weighs 
1234 lb., and measures 7x834x12 in. It 
includes necessary dial resistances for 
bridge tests, a direct-reading ohmme- 
ter for Megger tests, and a 500-volt 





Biddle Bridge-Meg Resistance Tester 


d.c. constant-pressure hand generator 
for current supply. 

The range of measurement covered 
by the Bridge is from 0.01 ohm up to 
999,900 ohms and the Meg (or Meg- 
ger) range is from 10,000 ohms up to 
100 megohms. The Meg portion of the 
set is similar to Biddle’s Meg and Su- 
per-Meg Insulation Testers. Direct 
reading is obtained by means of a 
pointer over a scale when connections 
are made and the hand-crank is turned. 

The “Bridge” arrangement has four 
cials of nine coils each in the resistance 
arm, giving a total of 9,999 ohms. A 
five-position ratio dial (+100, 10, 
“1, *K10 and 100) gives the added 
breadth of range down to 0.01 ohm 
and up to 999,900 ohms. As a bridge 
it is operated in the same way as an 
ordinary Wheatstone bridge set ex- 
cept that instead of employing a bat- 
tery, current at 250 volts is supplied 
by the hand generator, and the ohmme- 
ter is used as a galvanometer for bal- 
ancing. Balance can be obtained quite 
rapidly by manipulating the resistance 
and ratio dials while the hand-crank is 
being turned. 
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The change from Bridge to Meg and 
vice versa is made by turning a two- 
position dial. 

A feature of the hand generator is a 
slip-clutch arrangement by which a 
constant potential is delivered when 
the hand-crank is turned at or above 
its rated speed of about 160 r.p.m., 
thereby making it possible to use the 
instrument as a bridge under all con- 
ditions, including tests where a con- 
siderable amount of self induction 
is present such as in large coils, 
and also as a Meg for insulation re- 
sistance tests under all conditions, 
including large apparatus and long 
cables where there is _ considerable 
electrostatic capacity. 

The Bridge-Meg is designed and in- 
tended for practical everyday use by 
anyone who needs to make rapid and 
accurate tests of resistance. 

The case is of cast aluminum with 
bakelite top and base. A metal lid cov- 
ers the Meg scale. A leather strap is 
provided for carrying. 


—_—___—- 


Blount All-Purpose 
Tool Grinder 


HE J. G. Blount Company, Everett, 
Mass., have produced an all-pur- 
pose tool grinder which is driven by 





Blount All-Purpose Tool Grinder 





a l-hp., 1,750-r.p.m., fully-enclosed, 
dust-proof Westinghouse motor. 

The spindle is extra heavy and runs 
in heavy-duty, deep-groove ball bear- 
ings. Three wheels are furnished with 
the grinder; a coarse wheel, 10x1% in., 
is for general shop use, a fine wheel of 
the same size for the grinding of tools 
and a cone for the grinding of gages 
and inside curved tools. 


ee 


Mercury Electric Tractor 


N electric tractor which is larger 

than the usual standard type is an- 
nounced by the Mercury Manufactur- 
ing Company, Chicago, Ill. This model 
is known as the Type “C” and the 
principal distinctive feature of this ma- 
chine is its large wheels which make 
it suitable for use outside as well as 





Mercury Type C Electric Tractor 


inside of a plant. The rear wheels are 
29 in. in diameter and the front wheels 
24 in. in diameter. 

The tractor has an over all length of 
90 in., an over all height to the driver’s 
seat of 55 in., a wheel base of 49 in., 
and a tread front and rear of 36 in. 
It is powered with a G. E. motor and 
the Mercury patented internal gear 
drive axle is incorporated in the con- 
struction. The controller is of the full 
drum type and gives five speeds for- 
ward and five speeds reverse. 

The machine without battery weighs 
approximately 3,200 Ib. and with the 
average size battery about 5,000 Ib. It 
will hold 30 cells of 23-plate Exide, or 
48 cells of A-10 Edison battery. It has 
a rated drawbar pull of 3,000 pounds. 


Like other Mercury models, this 
Type C machine is full-spring sus- 
pended front and rear on semi-elliptic 
springs. The steering control is by 
means of a wheel with a worm reduc- 


tion. 
—————$>__—_ 


Delta-Star Electro-Static 
Voltmeter 


LABORATORY - TYPE, electro - 
static voltmeter operating on the 
principle of repulsion of similar 
charges and designed for voltages up 
to 100,000 has been developed by the 
Delta-Star Electric Company, Chicago. 
The fixed spheres mounted inside the 
coil, as shown in the illustration, are 
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Delta-Star Electro-Static Voltmeter 


connected to the potential to be meas- 
ured and the shaft of the pivoted 
spheres carries a galvanometer mirror 
from which a light beam is reflected 
on a calibrated scale conveniently 
mounted on a wall or other flat surface. 

With this voltmeter the root mean 
square or the peak voltage may be 
measured, depending upon the method 
of connéction to the service. 


G. E. Motor Starters 


HE rectangular type of meter with 

non-glare glass and an improved 
type of field actuating relay are incor- 
porated in the synchronous motor 
starters which have been redesigned by 
the General Electric Company, Schenec- 
tady, N. Y. CR-1135 designates the 
line of semi-magnetic, reduced-voltage 
starters, CR-7061 covers the magnetic- 
reduced voltage starters and designa- 
tion CR-7065 is assigned to the line of 
magnetic full-voltage starters. 

Throwing the handle of the compen- 
sator on the CR-1135 controller con- 
nects the motor to the line through the 
low-voltage taps of the compensator. 
When the handle is in the “run” posi- 
tion the motor is connected directly to 
full line voltage. The field-actuating 
relay is energized at the time the 
handle is moved to the “run” position. 
This relay operates and energizes the 
field contactor which applies excitation 
to the motor field. Pressing the “stop” 
button drops out the compensator 
switch and disconnects the motor from 
the line. 

Pushing the “start” button of the re- 
designed CR-7061 starter energizes an 
accelerating contactor which connects 
an auto-transformer to the line and the 
motor to the taps of the auto-trans- 
former. Simultaneously, a definite- 
time relay is energized. After a time 
interval corresponding to the setting of 


SEE 


American Flexible Coupling 


SHAFT coupling, known as the 

American Flexible Coupling, a vari- 
ation of the Oldham design in which 
a center member is constrained to slide 
across the face of one coupling flange 
on a line passing through the center 
and, at the same time, is free to slide 
across the face of the second flange 
in a direction at right angles to the 
first, is now being marketed by the 
American Flexible Coupling Company, 
Erie, Pa. The floating center member 
of the unit is a square, hollow casting 
with a hole in the center to provide 
clearance for the shaft ends. To the 
edges of this floating member are fas- 
tened replaceable bearing strips made 
from a non-metallic compound. 


The flange sections are identical and 
interchangeable, except for the bore 
diameters which are made to suit the 
shafts. The flange is cast in one piece 
with a hub of ample dimensions. A 
wide groove is machined in the face of 
the flange, leaving two jaws between 
which the floating member slides and 
by which the torque is transmitted. 

The floating, hollow-center member 
is filled with grease which passes to 
the surfaces of the wearing strips 
through suitable channels furnished 
with wicks. In operation centrifugal 
force assists proper lubrication. By 
means of an ordinary grease gun the 
center member can be filled with fresh 
grease through strip screw holes. 





The American Flexible Coupling 
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the definite-time relay, the accelerating 
contactor opens disconnecting the auto- 
transformer from the line and the 
motor, and the line contactor closes 
connecting the motor directly to the 
line. By pressing the “stop” button all 
control is de-energized and, as the field 
contactor opens, the field of the syn- 
chronous motor is short circuited 
through a field-discharge resistor. 





G. E. Synchronous Motor Starter 


The operation of the CR-7065 is as 
follows: Pushing the “start” button 
energizes the line contactor which con- 
nects the motor directly to the line. 
The field-actuating relay then functions 
as described, closing the field contactor 
and field voltage is applied to the motor. 
By pressing the “stop” button all con- 
trol is de-energized and the procedure 
is the same as for the CR-7061 starter. 


8 eR 


Handy “Handy Andy” Electric 
Hoist 


HE Handy Hoist Company, 847 

West 120th St., Chicago, Ill, has 
now placed on the market a low head 
room electric hoist, under the trade 
name of “Handy Andy.” 

The Handy Andy weighs 160 Ib., is 
24 in. in length and 7¥ in. in diameter, 
with lifting capacities of 500, 1,000 and 
1,500 Ib. It is a fully-inclosed unit, 
all working mechanism being incased in 
a heavy cast frame or housing. 

According to the manufacturer, a 
shafts are machined and ground t 
close limits, and all parts are inter- 
changeable. The. drive shaft, pinion 
and motor shaft are integral. The main 
shaft runs on ball bearings, and there 
is a self-lubricating system with oil 
reservoirs over each bearing. A fan 
for cooling the motor is also mounte«| 
on the shaft. 

The hoist is equipped with a stand- 
ard 110-volt motor for use on a.c. of 
d.c. circuits and is supplied with cord 
and plug for operation from any lamp 
socket. Standard equipment also in- 
cludes a 12-in. length of load chain 
with a hook at one end. The unit has 
positive mechanical load control. 


HI 
O 














Delta-Star Heavy Capacity 
Switches 


OR use in large industrial plants 
the Delta-Star Electric Company, 
2400 Block, Fulton St., Chicago, IIl., 
has developed a line of unit switch as- 
semblies which can be mounted on slate 





Delta-Star Heavy Capacity Switches 


or soapstone bases. A three-pole, 6,000- 
amp., 2,300-volt arrangement is shown 
in the illustration. 

The switch studs are composed of 
fat bars extending through the base 
and afford a convenient method of at- 
tachment to heavy flat conductors. 


a 


Ross Safety Control 


HE Ross Safety Switch Corpora- 

tion, 1 East 42nd St., New York 
City, offer a safety control suitable for 
use with practically all types of elec- 
tricity-consuming devices, whether a.c. 
or d.c. and with practically all types of 
magnetic, thermostatic or pressure 
primary control units. 

The control differs from the regular 
across-the-line starting switch in that 
it is connected in but one side of the 
circuit and the coils are energized 
only momentarily during the period of 
operation. 

The device consists essentially of 
two electromagnets and a main load 
contactor. The closing coil when ener- 
cized by the control unit draws the 
main contactor closed, where it is 
ocked in position by a latch. The con- 
actor then is opened only by energiz- 
ng the upper coil, which lifts the latch 
ind frees the contactor. 

It is claimed by the manufacturer 
hat the control does not chatter 
through vibration or drop in voltage. 
\lso that the coils cannot overheat or 
burn out through overload or varying 
voltage, because they are never in cir- 
‘uit except at the moment of perform- 
ing their function. No transformer 
is required with the load or control 
contacts. 

—_——.@————— 


Electric Sprayit Unit 


ESIGNED to meet the demand for 
a portable, electric, hand sprayer 
which has a pressure-feed container, 
and which is suitable for covering wide 
surfaces and for all types of commercial 
and production work that cannot be 
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handled advantageously with a cup gun 
outfit, the Electric Sprayit Company, 
320 East Colfax Ave., South Bend, 
Ind., is announcing an “All-Purpose” 
electric “Sprayit.” 

According to the announcement, the 
outfit consists of a rotory compressor of 
special design operated through a di- 
rect drive by a %4-hp. motor. The com- 
pressor delivers a constant air volume 
of 5 cu. ft. per min., which does away 
with the necessity of an air storage 
tank. The pressure feed tank holds 
approximately 2 gal. of material, which 
will cover about 700 sq. ft. of surface. 

A quart container is also furnished 
and can be quickly connected to the gun 
for small touch-up and trimming jobs. 
A commercial gun completes the equip- 
ment. The complete outfit weighs ap- 
proximately 50 lb. and tan be carried 
to the job. Twelve feet of electric 
cable and 20 ft. of rubber hose between 
the compressor and the container are 
provided, as well as 8 ft. of air and 
paint hose to connect the gun and the 
container. The sprayer is also obtain- 
able with a gasoline engine for use 
where electric service is not available. 


eee 


G. E. Across-the-Line 
Magnetic Switch 

MAGNETIC switch, the CR-7006- 

D-30, is announced by the General 
Electric Company, Schenectady, N. Y., 
to supersede the CR-7006-D-4, and 
which is designed primarily for throw- 
ing small motors directly across the 
line. It can, however, be used as a 
primary switch for slipring motors 
having secondary control, and it is 
recommended for use with small mo- 
tors wherever a simple, direct control, 
providing complete protection to motor 
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G. E. Across-The-Line Magnetic Switch 


and operator, is required. 

The inclosing case is of the drawn- 
shell type in which plenty of room is 
provided for wiring. The reset button 
for the overload relays extends through 
a hole through the cover, allowing its 
use without removing the cover. 

Design changes include the use of a 
molded shaft which, it is claimed, will 
not stick in the bearings, and thermal 
overload relays with interchangeable 
heater units. 

The horsepower ratings at various 
voltages for the standard squirrel-cage 
type of motor are as follows: 110 volts, 
7% h.p.; 220 volts, 15 h.p.; 440/600 
volts, 15 h.p. For straight starting 
duty where no jogging is encountered, 
the 15-h.p. rating on 440/600 volts can 
be increased to 20 horsepower. 


a ee 
Lewis-Shepard “Footlift” Truck 


N industrial truck known as the 
“Footlift,” designed for loads up to 
3,500 Ib., has been introduced by the 
Lewis-Shepard Company, 183 Walnut 
St., Boston, Mass. Elevation of the 
load is obtained by the operator step- 
ping on a lever and letting his weight 
do the work. 
_ According to the announcement, the 





truck is simple in construction, with all 
members of heavy-duty materials, and 
includes several safety features and a 
vertical release check. 

The handle is used only for steering 
and hauling; a simple twist in the up- 
right position prevents it from falling 
when not in use. It is never connected 
with the load. 


Lewis-Shepard “Footlift’ 











Westinghouse Portable 
Instruments 


a. Type  PX-4, 
portable, d.c. instruments may 
now be obtained in sets of three, con- 
tained in handy, leather carrying cases, 
it is announced by the Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pennsylvania. 

The meters operate on _ the 
D’Arsonval principle and are designed 
for general testing purposes where 
medium-sized, light-weight instruments 
may be advantageously used. Each 
meter is inclosed in a molded Micarta 
case 414 in. square by 2 in. deep. The 
Micarta cases provide ample protection 
against shock, acid, moisture, or other 
deleterious agents. 

Each meter occupies a separate com- 
partment in its leather carrying case. 
Despite its three compartments, each 
carrying case is compactly designed, its 
overall size being only 6% in. wide x 
834 in. long x 7% in. deep. Plush is 
used for lining the interior of the case 
and the exterior is given a black polish. 
A leather handle makes the cases easy 
to carry, and fastening clasps keep 
them securely closed. 


——_—<>__——_-- 


Champion Outdoor-Form 
Disconnecting Switch 
© Teeopesine lain outdoor-form dis- 


connecting switch with  inter- 
changeable insulator units has been 
developed by the Champion Switch 
Company, Kenova, West Virginia. 





Champion Disconnecting Switch 


The blade is of the truss form, the 
tongue engaging self-aligning, full- 
floating contacts with the blade guides. 

The switch illustrated is rated 7.5 
kv., 300 amp., but the same type is made 
for various voltages and capacities. 


—_—_@—_—_ 


Thomson and Gibb Companies 
Consolidate 


ROM Bay City, Mich., comes the 

announcement of the consolidation 
of the Thomson Electric Welding 
Company, Lynn, Mass., and the Gibb 
Welding Machines Company, Bay City, 
Mich. Both plants will continue in 
operation, but as the Thomson-Gibb 
Electric Welding Company. 

With the consolidation, a full line 
of butt, flash, seam, spot, projection 
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and wire-fabrics welders is offered to- 
gether with service designed to secure 
uninterrupted production and uniform 
quality from the machines in the hands 
of manufacturers. Engineers direct 
from the factory will be immediately 
placed in leading cities and such addi- 
tions to this staff will be made in the 
future as may be required to keep all 
machines operating at maximum eff- 
ciency. 
—_—<>—____—__ 


G. E. Floodlight Projectors 


LINE of projectors designed for 

use in the floodlighting of office 
buildings, factories, railroad yards, 
night construction work, and similar 
uses has been developed by the General 
Electric Company, Schenectady, N. Y. 
These projectors have non-ferrous 
casings; the glass reflectors and lamps 
are totally inclosed so that dust and 
dirt cannot enter and thereby impair 
efficiencies. 

Two sizes of lenses are available, the 
clear lenses with plain, lightly stippled, 
heavily stippled and spreadlight dis- 
tribution. The colored lenses are sup- 
plied with plain or heavily stippled 
distribution. All lenses are of heat- 
resisting glass. 

The Type L-29 projector, designed 
primarily for use with 250-watt flood- 
lighting lamp, is small in size and par- 
ticularly adapted for mounting in places 
where the available space is limited. 
It is equipped with a medium-angle 
parabolic reflector, and is suitable for 


working distances of from 85 to 200 ft. 
The Type L-30 projector is designed 
for use with a 500-watt floodlighting 
lamp. For it there are three reflectors, 
one giving a medium-angle beam for 
working distance up to 400 ft., one of 





G. E. Forms L-29, L-30, L-31, (left to 
right) Floodlighting Projectors 


sectional-glass construction giving 
wide beam for a working distance up 
to 100 ft., and one of special construc- 
tion that gives an asymmetric distribu- 
tion when used with a spreadlight lens. 
The Type L-31 projector is designed 
for use with a 1,000-watt lamp. One 
reflector is of composite type, but of a 
single piece, for general service with 
1,000-, 750-, 500- or 300-watt PS lamps. 
It gives a wide beam and is suitable for 
mounting distances up to 175 ft.» Other 
reflectors may be used for working dis- 
tances up to 400 ft. Types L-30 and 
L-31 are supported on a_ swiveled 
trunnion bracket of bronze, with a 
bronze crow-foot base that permits uni- 
versal adjustment of the beam. Their 
lenses are 1534 in. in diameter. 


i 
New Departure N-D-Seal Bearing 


SELF -SEALED, self - lubricated 

ball bearing known as the N-D-Seal 
bearing is announced by the New De- 
parture Manufacturing Company, Bris- 
tol, Conn. This bearing is made only 
in the smaller sizes and consists of a 
single-row ball bearing fitted into a 
metal case or shell. 

This shell is shaped on one side of 
the bearing so as to contain a felt 
closure which fits over the ground out- 
side diameter of the extended bearing 
inner ring, forming a seal both for the 
retention of lubricant and the exclusion 
of dirt. 














New Departure N-D-Seal Bearing Showing Closure and Application 


While the inner ring is carried 
slightly beyond the face of the seal so 
as to facilitate removal of bearing 
without damage and to prevent inter- 
ference between shaft shoulder and 
seal, it is claimed that the over all 
width of an N-D-Seal bearing is much 
less than the space occupied by a stand- 
ard bearing of the same size together 
with a separate closure member. Out- 


side diameters and bores are standard. 

The capacity characteristics of N-D- 
Seal bearings are substantially the same 
as corresponding sizes of non-loading 
groove, single-row bearings. 
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Westinghouse 15-Amp. 
Circuit Breaker 


HE Westinghouse Electric 
Manufacturing Company, 


and 
East 


Pittsburgh, Pa., has placed on the mar- 
ket a 15-amp. circuit breaker based on 
the Deion principle, and having a high- 
rupturing ability. This device replaces 
panelboard 


the conventional toggle 


switch and fuse. 





Westinghouse 15-Amp. Circuit Breaker 
Assembly With the Cover Removed 


It consists of a rugged toggle 
mechanism actuating the moving con- 
tacts and insuring full contact pressure 
up to the time of opening, whether 
actuated automatically or manually. 
The automatic release is secured 
through the action of a_ bimetallic 


thermal element which engages the re- 
leasing latch of the mechanism. 

Contacts are of especially developed, 
non-welding material which success- 
fully prevents freezing, it is claimed, 
under the short-circuit conditions to 
which the device may be subjected. 
The thermal release element is so de- 
signed as to give desirable inverse time 
limit characteristics. 

This circuit breaker is inclosed in an 
insulated sealed housing which pre- 
vents tampering with the mechanism or 
calibration unless the complete unit is 
removed from the panelboard and the 
cover unsealed. The housing inclosing 
the circuit breaker is of a cold-molded 
composition consisting of a base and 
cover. The space requirement for the 
assembled unit is the same for the 
single-pole circuit as for the conven- 
tional toggle switch and fuse. 


i 


Oxweld Two-Stage Oxygen 
Regulator 


HE Oxweld Acetylene Company, 

30 East 42nd Street, New York 

City, has added to the Prest-O-Weld 

line the Type R-109, two-stage oxygen 

regulator, designed to eliminate fluctua- 
tion in working oxygen pressures. 

Instead of reducing the full cylinder 


<i ————— 
Adapti Conduit Fittings 


HREE improved types of conduit 

fittings; a fitting for self-aligning 
pendants; a service entrance fitting, 
and a solid switch fitting are now be- 
ing marketed by the Adapti Co., 2996 
East 72nd St., Cleveland, Ohio. 

The self-aligning pendant fitting is 
particularly adapted for use with con- 
duit stem pendants which must be sus- 
pended from sloping, rough, or uneven 
ceilings. The base consists of a modified 
“Adaptilet” fitting base having a remov- 
able side or cover plate for providing 
easy access to the interior, and a lower 
opening carrying a special design of 
swivel joint which will permit the 


pendant to adjust itself vertically with- 
in 20 deg. on all sides of the center line 
of the supporting fitting.. The fitting 
is made in three types, left-handed, 
right-handed, and “straight-through.” 

The service entrance fitting is de- 
signed to make the threading of the 
wires easier than in the usual type. By 
removing the two locking screws the 
top of the fitting may be entirely re- 
moved, exposing the whole interior. 

The switch-fitting is of the standard 
solid type but, being somewhat nar- 
rower than the ordinary pattern of such 
fittings, is particularly adapted for use 
in confined spaces. 





Adapti Left-hand, Right-hand and Straight Through Conduit Fittings 
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pressure down to working pressure in 
one stage, the R-109 regulator reduces 
it in two stages. In the first stage the 
cylinder pressure is reduced through a 
non-adjustable reducing valve to about 





Oxweld Type R-109, Two-stage 
Oxygen Regulator 


175 Ib. per sq. in. The second-stage 
reducing valve, being adjustable by 
means of hand wheel, gives the desired 
working pressure. 

When the pressure in the cylinder 
falls below 175 Ib. per sq. in., the first- 
stage valve remains fully open. It is 
thus automatically cut out of the sys- 
tem and the second-stage valve and 
diaphragm only are operative. 


— 


Walden-Worcester Wrenches 


TEVENS WALDEN-WORCEST- 
ER, INC., Worcester, Mass, now 
offers a set of millwright wrenches 
known as Set No. 69. 
The set, which is put up in a rugged 
steel box, consists of a complete assort- 
ment of sockets for W. S. S. nuts and 





Walden-Worcester Millwright 
Set No. 69 


cap screws from %4 to 1% in. in 
diameter, and square sockets from 3% 
to 1% in. square. Two handle systems 
are provided, one for small sockets and 
one for heavy-duty sockets. These 
handles include ratchet, swivel, tee, 
and universal joint types with exten- 
sion bars. 
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Delta-Star Tap and Jumper 
Connections 


HE Delta-Star Electric Company, 

Chicago, Ill, has developed a 
three-piece, clamp-type connector for 
tap and jumper connections for pri- 
mary and secondary lines or distribu- 
tion systems. 

This connector is of the single-bolt 
type and avoids soldering operations 
which tend to anneal hard-drawn cop- 
per wire. The edges of both the top 
and bottom clamping pieces are 
rounded and will not cut the conductor. 





Delta-Star Tap and Jumper 
Connections 


One size of clamp takes any com- 
bination of through run and tap from 
No. 1 stranded to No. 6 solid. It is 
designed to carry 150 amperes. 

— > ———— 
Champion Insulator 
Bae’ insulating the operating mech- 
anism shafts of gang-operated pole- 
top switches, the Champion Switch 
Company, Kenova, W. Va., has de- 





Champion Insulator for Pole-Top 


Switches 
velopéd the high-strength porcelain 
unit illustrated. To the upper and 


lower surfaces are secured fittings 
which can be readily attached to the 
switch operating pipe. 

a 


Sharples Oil Purifiers 


PORTABLE, combination centri- 
fuge and filter press is now being 
offered through the Westinghouse 
Electric and Manufacturing Company, 
East Pittsburgh, Pa. It is the Sharples 
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combination, portable super-centrifuge 
and filtér press, which is made by the 
Sharples Specialty Company. A 
Sharples super-centrifuge is combined 
with Westinghouse filter press equip- 
ment and mounted on a truck. 

Among the features claimed for this 
equipment are the following: thor- 
oughly cleans 1,200 gal. of oil per hour 
continuously; purification is complete 
in one operation; operation is simple 
and clean; can be easily moved from 
place to place. 

——_@——_—. 


Cutler-Hammer Across-the-line 
Starter 


N automatic across-the-line starter 
for d.c. motors up to 2 hp., 115 

or 230 volts, is announced by Cutler- 
Hammer, Incorporated, 150—12th St., 
Milwaukee, Wis. Small size, double- 
line break, thermal overload protection, 
low voltage protection, and completely 
inclosed structure are combined in its 
design. The thermal overload relays 
may be adapted to any size motor by 





Cutler-Hammer Across-the-Line 
Starter 


changing the heater coils accordingly. 
The push-button master — switch 
(providing three-wire control) can be 
furnished for mounting in the cover or 
for mounting separately. Thermal 
overload relays may be omitted where 
overload protection is not required. 


Se 


G. E. Gas-Engine-Driven, Portable Arc Welder 


oe electric arc welding 
machine announced by the General 
Electric Company, Schenectady, N. Y., 
is driven by a 6-cylinder gas engine, 
and replaces the 4-cylinder engine- 
driven unit previously included in that 
company’s line. The generator bears 
the designation WD-300-A. 

The engine is the Buda model HS-6 
built especially for industrial service. 
The cylinder head is a four-cycle, L- 
type. The bore is 33% in. and the stroke 
4% in. S.A.E. rating is 27.3 hp. and 
brake rating is 39 hp. at 1,440 r.p.m. 
The engine is totally inclosed in a 
sheet-metal housing. 

The welding generator is a ball-bear- 
ing, self-excited, single-operator ma- 
chine rated 300 amp., 1 hour, 50 deg. C., 


with a current range of 90 to 375 amp. 
in accordance with N.E.M.A. stand- 
ards. Included with the set is a cur- 
rent-reducing resistor by means of 
which welding currents down to 25 
amp. may be obtained. The current 
can be adjusted by turning the brush- 
shifting handle. When operating so 
that the potential at the generator 
panel, including reactor drop, is 25 
volts, any value of current can be ob- 
tained from 25 to 400 amperes. 

A 500-amp. ammeter and a 120-volt 
voltmeter are mounted on the generator 
panel. A self-adjusting stabilizing re- 
actor automatically steadies the arc. 
The complete outfit is mounted on a 
welded structural-steel base and may be 
made portable by adding running gear. 





G. BE. Gas Engine Driven Portable Arc Welder 
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Gibb Welding Machine 
Pressure Meter 


WELDING machine pressure me- 
ter that indicates in pounds the 
pressure obtained at the welding elec- 
trodes has been placed on the market 
by the Gibb Welding Machines Com- 
pany, Bay City, Mich. This pressure 
meter operates by hydraulic pressure. 
The oil reservoir is formed by seam 
welding the edges of two stamped 
disks. According to the announcement, 
the seam weld is absolutely leak proof 
and pressure tight. 
To determine a certain welding pres- 
sure the oil filled disk portion of the 





Gibb Welding Machine Pressure 
Meter 


Gibb Pressure Meter is placed between 
the electrodes of the welding machine 
and the pressure applied is registered 
in pounds by the indicating part of 
the meter. 

The complete unit weighs approxi- 
mately two pounds. 


——_.——— 


G. E. Armored Cables of 
Large Diameters 


OWER and control cable with in- 

terlocked, flexible metal armor for 
installation without a conduit in cen- 
tral station, industrial, and other inte- 
rior wiring has been announced by the 
General Electric Company, Schenec- 
tady, N. Y. Cable provided with the 
armor can be run along walls, between 
partitions and under floors without the 
use of ducts. The construction of the 
armor, it is stated, is such that turns 
in the cable can be made easily. 

Varnished-cambric and rubber-insu- 
lated, either taped, braided or leaded, 
and paper-leaded cable can be supplied 
with the armor, in lengths up to 1,000 
ft. for cables with an overall diameter 
less than 1 in. and in lengths up to 
2,000 ft. for cables with an overall 
diameter between 1 and 3 in. The ca- 
bles can have any number and com- 
bination of conductors, and ahy outside 
diameter up to 3 inches. 

The armor is a layer of overlapping 
and interlocking metal tape, either gal- 
vanized steel or aluminum, so applied 


that the cable is always mechanically 
protected under reasonable instailation 


conditions. The steel armor is suitable 
for most installations; the aluminum 
tape is for use where a non-corroding 
armor is required, and for single-con- 
ductor cable carrying alternating cur- 
rent where the magnetic effect of steel 
is undesirable. 


—_—~<>__— 


Westinghouse “Weldomatic” 


HE development of the “Weldo- 

matic,’ an improved automatic 
welding outfit has been announced by 
the Westinghouse Electric and Manu- 
facturing Company, East Pittsburgh, 
Pa. The Weldomatic equipment is 
complete with electrode feeding device, 
control cabinet and operator’s panel. 
It is designed to operate with equal 
satisfaction from either Westinghouse 
variable-voltage or constant-voltage 
welding m. g. sets. 

The Weldomatic automatically strikes 
and holds an are between an electrode 
and the work to be welded without the 
aid of an operator other than to press 
the starting button. 





The Simplified Weldomatic Head 


The driving motor is mounted in 
a cylindrical frame which supports the 
nozzle assembly. The nozzle has ad- 
justments for being moved in two 
planes, and the nozzle assembly can be 
reversed to be either a right-hand or a 
left-hand assembly. 

The control units are mounted in a 
cabinet which may be conveniently lo- 
cated with respect to the head and 
operator’s panel. A small m. g. set in 
the cabinet automatically controls the 
head motor in changing its speed and 
the direction of electrode feed. 

The operator’s panel has a start and 
stop pushbutton station with large but- 
tons to facilitate its operation with 
gloved hands. A rheostat controls the 
arc voltage, which is recorded on. a 
voltmeter. A switch on the panel also 
permits the operator to reverse the 
direction of the head motor to retract 
the electrode from the work. 
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Allen-Bradley Splash-Proof 
Motor Starting Switch 

ss bigs Allen-Bradley Co., 286 Green- 

field Ave., Milwaukee, Wis., now 


furnish a splash-proof across-the-line 
starting switch for a. c. motors, which 





Allen-Bradley Splash-Proof Switch 
for Across-the-line Starting 


is intended to be used where wash 
down of equipment is essential or 
where excessive moisture or dust is 
present. 

This switch gives complete overload, 
no-voltage, and dead-phase protection. 
It is rated up to 3 hp., 110 volts and 
5 hp., 220 volts for single-phase mo- 
tors, and up to 5 hp., 220 volts and 
7% hp., 440-550 volts for polyphase 
motors. The switch is furnished in 
three forms: Form 1—with pushbut- 
tons in cover, Form 2—for external 
pilot control and Form 3—with two- 
way lever switch. 


OH 


Champion Gang-Operated 
Disconnecting Switch 


HE Champion Switch Company, 

Kenova, West Va., announce a line 
of gang-operated disconnecting 
switches—a _ single-pole element of 
which is illustrated. 

The blade is provided with a piv- 
oted insulator, the shaft of which 
passes through the base and is inter- 
connected with the two other elements. 
The blade is of the reinforced truss 
construction and the contacts are of the 
full-floating self-aligning type. 





Champion Gang-Operated Discon- 
necting Switch 
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“TRADE LITERATURE 


You Should Know About 





Copies of literature which is described on this page can be 
obtained by writing to the manufacturer whose name and address 
are mentioned. It is always advisable to state the name and 
number of bulletin or catalog desired, as given in these columns. 


(271) INsuLATORS—Bulletin GEA-1122, 
“Outdoor Switching Equipment and In- 
sulators.” —General Electric Company, 
Schenectady, N. Y. 


(272) Batt Beartncs—Gurney Ball 
Bearing Manual, 202 pages, technical data, 
diagrams, and formulas. Cross referenced 
and indexed.—Gurney Ball Bearing Com- 
pany, Jamestown, N. Y. 


273) ELECTROPLATING (GENERATORS — 
Bulletin, 16 pages. Design and con- 
struction of Columbia electroplating 
generators.—Columbia Electric Manufac- 
turing Company, 1292 East 53rd St. 
Cleveland, Ohio. 


(274) MECHANICAL TRANSMISSION—T wo 
bulletins on Vim leather belts: “It Was 
Vim,” describing a series of belt tests at 
the engineering experiment station of 
Ohio State University, by Prof. C. A. 
Norman and G. N. Moffat, and “What Is 
Your Verdict,” reprint of a paper pre- 
sented by Prof. C. A. Norman before the 
Machine Shop Practice Division of the 
A.S.M.E—E. F. Houghton & Company, 
Philadelphia, Pa. 


(275) VaLves—Catalog 60, various types 
of valves, pump governors and pressure 
regulators—Foster Engineering Com- 
pany, Newark, N. J. 


(276) Motrors—Bulletin L-2, Elliott 
3,500-r.p.m. induction motors. Bulletin 
L-3, Elliott Type A-1 synchronous motors 
for compressor drives.—The Elliott Com- 
pany, Jeanette, Pa. 


(277) Motors—Bulletin 508, 12 pages, 
“Explosion-Proof or Type E Motor.”— 
The Louis Allis Company, Milwaukee, 
Wis. 


(278) LatHes—Bulletin 127, “Monarch 
Lathes—Their Installation—Their Mainte- 
nance.”—Monarch Machine Tool Com- 
pany, Sidney, Ohio. 


(279) Exectric Contror APPARATUS— 
An eight-page bulletin describing the 
organization and development of the 
Allen-Bradley Company, 491 Clinton St., 
Milwaukee, Wis. 


(280) INDUSTRIAL REGULATORS—Catalog, 
divided into three major headings; In- 
dustrial Motor Valves, Temperature, 
Pressure and Combustion Controllers, 
Automatic Control for Unit Heaters.— 
Minneapolis-Honeywell Regulator Com- 
pany, Minneapolis, Minn. 


(281) Gears—Folder 5223, Heat-treated 
Westinghouse Nuttall gears.—Westing- 


house Electric and Manufacturing Com- 
pany, East Pittsburgh, Pa. 
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(282) Pumps—File A. I. A. Standard 
Classification 29 d 5, a bound collection of 
bulletins containing 196 pages. Pumps, 
pump control, engineering data, applica- 
tion of pumps, typical installations.—Chi- 
cago Pump Company, 2336 Wolfram St., 
Chicago, III. 


(283) CourLincs—Bulletin 101, Flexible 
couplings, illustrated, contains data charts, 
installation and lubrication information.— 
The American Flexible Coupling Com- 
pany, Erie, Pa. 


(284) WeE.tpInc Rop—Bulletin No. 4, 
Weldite Type-S welding rod for welding 
chrome and chrome nickel steels —Fusion 
Welding Corporation, 103rd St. and Tor- 
rence Ave., Chicago, IIl. 


(285) Hancers—Catalog B-29, Safety- 
lowering light hangers, illustrations of 
types and application—The Thompson 
Electric Company, 1438 W. Ninth St., 
Cleveland, Ohio. , 


(286) Unir Heaters—Bulletin 329, 
illustrated applications, capacity charts.— 
Modine Manufacturing Company, Racine, 
Wis. 


(287) HEaTers—Bulletin 429, Copper 
radiation in recessed and concealed heat- 
ers—Modine Manufacturing Company, 
Racine, Wis. 








Coming Events 


International Acetylene Association— 
Annual convention, Congress Hotel, Chi- 
cago, Ill., Nov. 13, 14, and 15. Mr. L. F. 
Loutrel, president. 


National Power Show—BLEighth National 

Exposition of Power and Mechanical 
Engineering, Dec. 2-7, Grand Central 
Palace, New York City. 


American Society of Refrigerating 
Engineers—Annual meeting to be held 
in New York City during week of Power 
Show. Time and location to be an- 
nounced later. 


American Society of Heating and Ven- 
tilating Engineers—35 annual meeting, 
Jan. 27 to 30, 1930; Hotel Benjamin 
Franklin, Philadelphia, Pa. 


International Heating and Ventilating 
Exposition—To be held under the aus- 
pices of the American Society of Heating 
and Ventilating Engineers, Commercial 
Museum, Philadelphia, Jan. 27 to 31, 1930. 
Manager, Charles F. Roth, Grand Central 
Palace, New York. 


Natonal Industrial Exposition—The 
first national industrial expositon wlll be 
held in the Hotel Stevens, Chicago, March 
3 to 7, 1930. Management, Midwestern 
Engineering Exposition, 308 West Wash- 
ington St., Chicago, IIl. 


American Society of Mechanical Engi- 
neers—Fiftieth Anniversary, April 5-9, 
ig New York, Hoboken and Washing- 

on. 








__ (288) Unit Heaters—Bulletin 229, 
illustrated applications—Modine Manu- 
facturing Company, Racine, Wis. 


(289) Raptators—Catalog 129, Cabinet 
Heaters, installations, capacity charts.— 
— Manufacturing Company, Racine, 

is, 


(290) Motors—Multi-speed, Type “SC,” 
squirrel-cage, induction, polyphase motors. 
—Century Electric Company, 1806 Pinc 
St., St. Louis, Mo. 


(291) Wetpinc—Booklet, “Design 
Standards for Oxwelded Steel and 
Wrought-Iron Piping” illustrates the ap- 
plication of fundamental welding designs, 
gives engineering data, and glossary 0: 
terms used—The Linde Air Products 
it 30 East 42nd St., New York, 
Nh. 


(292) ScaLtEs—Folder, Tramrail scales. 
illustrations of application. — Cleveland 
Electric Tramrail, Division of The Cleve- 
land Crane & Engineering Company, 
Wickliffe, Ohio. 


(293) ELEcTRICAL EQUIPMENT—Catalog 
2,200, 280 pages, condulets, groundulets, 
plugs, receptacles, connectors, lamps, panel 
boards, traffic signals, flood lights, and so 
on.—Crouse-Hinds Company, Syracuse, 
N. Y. 


(204) TROLLEY HarpwareE— Leaflet 
20438, four pages describing the construc- 
tion of trolley-poles, harps, and wheels.— 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa. 


(295) Wirtnc Devices—Bulletin of 15 
pages, describes and illustrates ‘“Bus- 
Duct” system of power distribution, also 
supplementary devices such as electric 
tool trolley carriages, outlets and ducts.— 
Bulldog Electric Products Company, De- 
troit, Mich, 


(296) HEATING AND VENTILATING—A 
20-page bulletin on unit heaters, blow pip- 
ing, ventilating and drying systems.— 
Puhl & Hepper Manufacturing Company, 
St. Louis, Mo. 


(297) Lirt Truck—Folder A-3674, 1%- 


ton electric lift truck—The Elwell- 
Parker Electric Company, Cleveland, 
Ohio. 


(298) Wetpinc EguipMent — Folder 
GEA-556C, “G. E. Automatic Welding 
Head and Control,” automatic electrode- 
feeding device, magnetic-clutch type.— 
hr. Electric Company, Schenectady, 
N. 


(2909) MacNnetic CoNTROLLERS—Folder 
GEA-948A, CR4065 d.c. magnetic con- 
trollers for constant-speed motors.—Gen- 
eral Electric Company, Schenectady, N. Y. 


(300) Otinc Devices—Second edition, 
Bulletin 15, oiling and filtering systems, 
oiling devices and accessories.—William 
W. Nugent & Company, 410 North Her- 
mitage Ave., Chicago, IIl. 


(301) Pumps—Bulletin 295, Type S 
double-suction, single-stage, horizontally- 
split-case, centrifugal pumps.—By- 
ron Jackson Company, Berkeley, Calif. 


(302) Heatinc Units—Folder GEA- 
104A, G. E. cartridge-type electric heating 
units—General Electric Company, Sche- 
nectady, N. Y. 
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Charts for Determining the Horsepower 
of Spur Gearing 


(Concluded) 


Trace down to 3 diametral pitch, then across to 


1 

| 

| By Emory N. Kem Ler, Unwwersity of Pitisburgh, Pittsburgh, Pa. 
| 

| 
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Example for Chart IJ]—Find the horsepower a 
standard 1414-deg. involute, 3-diametral pitch, 28- 
tooth, cast-iron, cut-tooth gear with a 3-in. face 
running at 100 r.p.m. will transmit. (So equals 8,000 
Ib. per sq. in.) 


Start where the number of teeth equals 28. 
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PitcH Diameter In INCHES 


To use chart enter at scale 
for number of, teeth, trace 
to diametral pitch, then to 
right to speed in r.p.m. To 
find pitch speed trace up 
to scale at top. To find 
horsepower trace down to 
diametral pitch, across to 
number of teeth then down, 
and read horsepower per 
inch of face on scale at 
bottom. For any _ other 
face width multiply this 
value by the face width in 
inches. 











= o 2 ogo90 
g N  t® ON@TAS i a 3 38s3e 










100 r.p.m. The pitch speed of 245 f.p.m. is found 
by tracing vertically upwards. To find the horse- 
power trace down to the diametral pitch line, then 
across to the number of teeth and on the lower 
scale will be found 4.2 hp. per in. of face or 12.6 
hp. for the gear. 


Numeer OF TEETH Pitcn Vetocity In Feer Per Minute 
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CHART II 
VYF 600 


HP, = ————— X So X ————— 
P X 33,000 600 + V 


This chart is made for So equals 
8,000. For any other value divide 
result by 8,000 and multiply by value 
it is desired to use. 
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Horse Power Per Incn OF Face 
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Example for Chart 11]—The dotted line on this 
chart is for the following example. Find the horse- 
power a cut-tooth gear of the 14%4-deg. involute 
system having 30 teeth, 5 diametral pitch, 2-in. face, 
and making 700 r.p.m. will transmit when So is 
20,000 and also 8,000 Ib. per sq. in. It is also re- 


quired to find the horsepower a gear of the same’ 


specifications will transmit when So is 20,000 Ib. 
per sq. in. and when the teeth are of the Nuttall 
20-deg. stub-tooth form. 

Begin at 30 teeth, trace downward to 5 diametral 
pitch, then across to 700 r.p.m. To find the pitch 
velocity trace upwards and on the scale at the top 
will be found a velocity of 1,100 f.pm. To find 
the horsepower trace downwards to 5 diametral 
pitch, follow to right to the number of teeth for the 
1414-deg. involute system, then down to the scale 
at the bottom to find the value of 14% hp. per inch 
of face or 29 hp. for the gear. To find the horse- 
power when So is 8,000 lb. per sq. in. multiply the 
foregoing result by 0.4. This value becomes 11.6 
horsepower. 
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Pitch Diameter IN INcHes 
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To use chart enter at 
top on scale reading 
number of teeth, trace 
to diametral pitch 
then to right to speed 
in r.p.m. To find pitch 
speed trace up and 
read pitch speed in 
feet per minute on 
top scale. To obtain 
horsepower trace down 
to value of pitch, to 
right to number of 
teeth and down. On 
scale at bottom read 
horsepower per inch 
of face. 






+4 Oh QQ- 
6060000 


To find the horsepower of the same gear with 
tooth form according to the Nuttall 20-deg. stub- 
tooth system, trace as for the 14%4-deg. involute 
system except in the last step, trace to the tooth 
values for the Nuttall 20-deg. sub-tooth system and 
then downward to find the value to be 20 hp. for 
the gear. 


CONCLUSIONS 


The accuracy of these charts is well within the 
limits of accuracy of So. The value of So includes 
a factor of safety applied to the elastic strength 
of the material. The factor of safety being an 
arbitrary value based on experience, and which has 
been found to give values that have worked 
satisfactorily. 

The elastic strength of the material varies due to 
nonuniformity, impurities, variation in composition, 
etc. So, thus, is not accurately known, and the 
values from these charts will be sufficiently accurate 
for all horsepower and load calculations. 


PitcH VeLocity In Feet Pen Minure 




















CHART III 
VYF 600 
HP. = ————— X So X ————— 
P X 33,000 600 + V 


In this chart So = 20,000 Ib. per sq. in. 


For So equal to 30,000 multiply result by 1.50 
So equal to 25,000 multiply result by 1.25 
So equal to 18,000 multiply result by 0.90 
So equal to 16,000 multiply result by 0.80 
So equal to 14,000 multiply result by 0.70 
So equal to 12,000 multiply result by 0.60 
So equal to 10,000 multiply result by 0.50 
So equal to 8,000 multiply result by 0.40 
So equal to 6,000 multiply result by 0.30 
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